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Le sur-ajustement du taux de change et l’énigme de la déconnexion du taux de change : 
une ré-évaluation 
 
Résumé : Depuis le début des années 70, la période des changes flexibles a été associée à une 
forte volatilité des taux de change nominaux et réels, sans modification significative de la 
distribution des variables macroéconomiques fondamentales. Selon Dornbusch [1976], cette 
déconnexion entre la volatilité du taux de change nominal et celle de ses fondamentaux serait 
liée au sur-ajustement du taux de change. Lorsque la parité des taux d’intérêt non couverte est 
vérifiée, le sur-ajustement du taux de change provient d’un différentiel négatif et persistant 
entre les taux d’intérêt national et étranger. Nous évaluons la pertinence empirique de ce 
mécanisme dans le cadre d’un modèle de participation limitée étendu à un cadre international. 
L’introduction de coûts d’ajustement sur la modification des encaisses monétaires permet 
d’accroître l’ampleur du sur-ajustement du taux de change. Ce dernier apparaît comme un 
phénomène important dans l’explication de la forte volatilité du taux de change nominal. 
 
Mots clés : Déconnexion du taux de change, sur-ajustement, effet liquidité, parité des taux 
d’intérêt non couverte 
 
Overshooting and the Exchange Rate Disconnect Puzzle : A Reappraisal 
 
Abstract : Transition to floating exchange rate regimes has led to sharp increases in nominal 
and real exchange rate volatilities with no corresponding changes in the distribution of 
fundamental macroeconomic variables. In the spirit of Dornbusch [1976], we assess whether 
nominal exchange rate overshooting is responsible for this phenomenon. As long as 
uncovered interest rate parity holds, nominal exchange rate overshooting is linked to a 
persistent fall in the spread between domestic and foreign nominal interest rates. We thus 
develop a limited participation model in an international setting. Introducing adjustment costs 
on money holdings in the limited participation framework substantially raises the magnitude 
of the overshooting dynamics. Overshooting indeed plays a key role in understanding the 
extreme nominal exchange rate volatility. 
 
 
Keywords : Exchange rate disconnect puzzle, overshooting, liquidity effect, uncovered 
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44 Lqwurgxfwlrq
Zk| duh wkh h{fkdqjh udwhv vr yrodwloh dqg vr dssduhqwo| glvfrqqhfwhg iurp ixqgdphqwdov B
Revwihog dqg Urjr ^5333` kdyh uhfhqwo| xqghuolqhg wkh gl!fxow| ri frqylqflqjo| dqvzhulqj
wr wkh vr0fdoohg h{fkdqjh udwh glvfrqqhfw sx}}oh1
H{fkdqjh udwhv duh uhpdundeo| yrodwloh uhodwlyh wr dq| prgho zh kdyh ri xq0
ghuo|lqj ixqgdphqwdov vxfk dv lqwhuhvw udwhv/ rxwsxwv dqg prqh| vxssolhv dqg
qr prgho vhhpv wr eh yhu| jrrg dw h{sodlqlqj h{fkdqjh udwhv hyhq h{0srvw1
Revwihog dqg Urjr ^5333`1
Pxfk uhfhqw zrun lq wkh lqwhuqdwlrqdo exvlqhvv f|foh olwhudwxuh kdv ehhq wu|lqj wr h{sodlq
wklv glvfrqqhfw sx}}oh1 Dowkrxjk dq reylrxv vwduwlqj srlqw iru vroylqj wklv sx}}oh frxog kdyh
ehhq wkh srsxodu Gruqexvfk ryhuvkrrwlqj vwru|/ lw lv qrw dw wkh khduw ri wkh Fkdul/ Nhkrh
dqg PfJudwwdq ^5334`*v prgho zklfk lv wkh prvw dgydqfhg zrun lq wklv olwhudwxuh1 Wkh|
ghyhors d frpsoh{ wzr0frxqwu| prgho doorzlqj iru sulfh glvfulplqdwlrq dqg vwdjjhuhg sulfh0
vhwwlqj1 Jlyhq wkh sulfh vwlfnlqhvv/ uhdo dqg qrplqdo h{fkdqjh udwhv duh kljko| fruuhodwhg
dqg wkh phfkdqlvpv ri wkhlu prgho lpso| wkdw uhdo h{fkdqjh udwh yrodwlolw| lv olqnhg wr wkh
ulvn dyhuvlrq sdudphwhu dqg wkh yrodwlolw| ri frqvxpswlrq1 Wkh| rewdlq wkhruhwlfdo qrplqdo
dqg h{fkdqjh udwhv yrodwlolwlhv wkdw w wkh gdwd txlwh zhoo1 Krzhyhu/ lq rughu wr rewdlq vxfk
uhvxowv/ wkh| lpsrvh vshflf dvvxpswlrqv qdpho| vhsdudeoh suhihuhqfhv/ kljk ulvn dyhuvlrq
dqg sulfh vwlfnlqhvv ri dw ohdvw rqh |hdu/ dvvxpswlrqv zklfk dsshdu vrphzkdw xqdsshdolqj1
Dq dowhuqdwlyh zd| ri dffrxqwlqj iru wkh glvfrqqhfw sx}}oh frxog lqghhg irfxv rq Gruq0
exvfk ^4<:9‘*v ryhuvkrrwlqj vwru|1 Dq h{sdqvlrqdu| prqhwdu| vkrfn zrxog jhqhudwh d shu0
vlvwhqw idoo lq wkh qrplqdo lqwhuhvw udwh1 Dv orqj dv xqfryhuhg lqwhuhvw udwh sdulw| krogv/
wklv shuvlvwhqw ghfolqh lq wkh vsuhdg ehwzhhq grphvwlf dqg iruhljq lqwhuhvw udwhv uhvxowv lq d
qrplqdo h{fkdqjh udwh ryhuvkrrwlqj1
Wkh rqjrlqj uhvhdufk rq wkh YDU phwkrgrorj| kdv rhuhg qxphurxv zrunv rq wkh hp0
slulfdo uhohydqf| ri wkdw srlqw/ hyhq li dw uvw wkh uhvxowv vhhp dw rggv zlwk wkh ryhuvkrrwlqj
k|srwkhvlv1 Lq d vhplqdo sdshu/ Hlfkhqedxp dqg Hydqv ^4<<8` kdyh vkrzq wkdw/ lq uhvsrqvh
wr d wljkwhu XV prqhwdu| srolf|/ wkh XV groodu h{klelwv d ghod|hg ryhuvkrrwlqj sdwwhuq ri 5
w r6| h d u vylv0ã0ylv wkh pdmru fxuuhqflhv1 Srvlwlyh lqwhuhvw glhuhqwldov duh dvvrfldwhg zlwk
shuvlvwhqw dssuhfldwlrq ri wkh XV groodu1 Wklv ghod|hg ryhuvkrrwlqj lv qrw frqvlvwhqw zlwk
wkh Gruqexvfk vwru| dqg ohdgv wr wkh vr0fdoohg iruzdug glvfrxqw eldv sx}}oh=w k hi r u z d u g
h{fkdqjh udwh lv d eldvhg suhglfwru ri wkh ixwxuh vsrw udwh1
Odfn ri dffxudf| lq wkh phdvxuhphqw ri prqhwdu| srolf| vkrfnv pd| khos h{sodlq zk|
h{fkdqjh udwhv gr qrw h{klelw dq| ryhuvkrrwlqj sdwk1 Iru lqvwdqfh/ Erqvhu0Qhdo/ Ydqfh Uroh|
dqg Vhoorq ^4<<;` xvh wkh ihghudo ixqgv udwh wdujhw/ udwkhu wkdq wkh dfwxdo udwh/ dv d sur{|
iru prqhwdu| srolf| fkdqjhv1 Xvlqj dq hyhqw0vwxg| phwkrgrorj| lqvwhdg ri wkh w|slfdo YDU
dssurdfk/ wkh| vkrz wkdw wkh ryhuvkrrwlqj k|srwkhvlv dsshduv wr eh frqvlvwhqw zlwk wkh
gdwd iru doo pdmru fxuuhqflhv h{fhsw wkh \hq 2 Groodu h{fkdqjh udwh1 Vlploduo|/ Ndo|ylwlv
5dqg Plfkdholghv ^5334` uh0h{dplqh wkh lpsdfw ri XV prqhwdu| srolf| vkrfnv rq h{fkdqjh
udwh xvlqj wkh prqhwdu| srolf| lqglfdwru sursrvhg e| Ehuqdqnh dqg Plkry ^4<<;`1 Wkh| qg
hylghqfh iru lqvwdqwdqhrxv/ udwkhu wkdq ghod|hg/ ryhuvkrrwlqj diwhu d prqhwdu| vkrfn zkhq
uhodwlyh rxwsxw dqg uhodwlyh sulfhv duh lqfoxghg lq d YDU vshflfdwlrq1
Lq dgglwlrq/ vrph uhfhqw ghyhorsphqwv ri wkh YDU phwkrgrorj| kdyh ohg wr uhfrqfloh
wkh idfwv zlwk d wudglwlrqdo ryhuvkrrwlqj vwru|1 Iluvw/ Idxvw dqg Urjhuv ^5333` dsso| Idxvw
^4<<;`*v lghqwlfdwlrq whfkqltxhv wr wkh XV2XN dqg XV2GP h{fkdqjh udwh g|qdplfv1 Wkh|
qg wkdw wkh ghod|hg ryhuvkrrwlqj uhvxow lv txlwh vhqvlwlyh wr gxelrxv lghqwli|lqj dvvxps0
wlrqv41 Nlp dqg Urxelql ^5333`*v uhvxowv jr rqh0vwhs ixuwkhu lq idyru ri wkh ryhuvkrrwlqj
vwru|1 Xqolnh Hlfkhqedxp dqg Hydqv ^4<<8`/ wkh| xvh d vwuxfwxudo YDU dssurdfk zlwk qrq0
uhfxuvlyh frqwhpsrudqhrxv uhvwulfwlrqv/ lq wkh olqhv ri Vlpv dqg ]kd ^4<<;`1 Wkh| dlp dw d
pruh fduhixo lghqwlfdwlrq ri wkh wuxh lqqrydwlrq lq wkh prqhwdu| vxsso| surfhvv1 Wkh| jhw
wkdw/ lqlwldoo| wkh qrplqdo h{fkdqjh udwh dssuhfldwhv lq uhvsrqvh wr d prqhwdu| frqwudfwlrq>
diwhu d ihz prqwkv/ lqvwhdg ri wkh orqj dqg shuvlvwhqw dssuhfldwlrq irxqg lq Hlfkhqedxp
dqg Hydqv ^4<<8`/ lw ghsuhfldwhv ryhu wlph lq dffrugdqfh zlwk wkh xqfryhuhg lqwhuhvw udwh
sdulw| frqglwlrq1 Nlp dqg Urxelql ^5333` sduwlfxoduo| lqyhvwljdwh wklv odvw srlqw1 Dffruglqj
wr wkh xqfryhuhg sdulw| lpsolfdwlrq/ wkh frqglwlrqdo h{shfwdwlrq ri wkh h{fhvv uhwxuq pxvw
eh htxdo wr }hur1 Rq wkh edvlv ri wkhlu hvwlpdwhg YDU prgho/ wkh| frpsxwh wkh lpsxovh
uhvsrqvh ixqfwlrq ri wklv h{shfwdwlrq wr d prqhwdu| srolf| vkrfn1 Wkh| gr qrw qg v|vwhp0
dwlf hylghqfh ri vljqlfdqw h{fhvv uhwxuqv1 Wkxv/ wkh xqfryhuhg lqwhuhvw udwh sdulw| krogv lq
wkh vkruw uxq1 Pruhryhu/ wkh| qg wkdw prqhwdu| srolf| vkrfnv h{sodlq d yhu| odujh vkduh
ri wkh qrplqdo h{fkdqjh udwh vkruw0uxq yduldwlrqv1
Doo wkhvh uhvxowv ohdg xv wr frph edfn wr wkh wudglwlrqdo ryhuvkrrwlqj h{sodqdwlrq jlyhq
e| Gruqexvfk ^4<:9‘ lq rughu wr txdqwlwdwlyho| yhuli| lq d jhqhudo htxloleulxp vhwwlqj wkdw wklv
skhqrphqrq lv dq hvvhqwldo sduw ri wkh kljk revhuyhg yrodwlolw| ri qrplqdo h{fkdqjh udwh1
Rxu remhfwlyh lv wkxv wzrirog1 Iurp d txdolwdwlyh srlqw ri ylhz/ zh dlp dw xqghuvwdqglqj
krz prqhwdu| srolf| fdq ohdg wr dq ryhuvkrrwlqj ri qrplqdo h{fkdqjh udwh lq d exvlqhvv
f|foh vw|oh prgho1 Vhfrqgo|/ rxu jrdo lv wr fkhfn zkhwkhu wklv wudqvplvvlrq fkdqqho kdv
txdqwlwdwlyh lpsolfdwlrqv lq jhqhudwlqj vrph glvfrqqhfw ehwzhhq wkh qrplqdo h{fkdqjh udwh
dqg lwv pdfurhfrqrplf ixqgdphqwdov1
D olplwhg sduwlflsdwlrq lqwhuqdwlrqdo exvlqhvv f|foh prgho lv wkhq ghyhorshg1 Lqghhg/ wkh
olplwhg sduwlflsdwlrq dvvxpswlrq slrqhhuhg e| Fkulvwldqr ^4<<4` dqg Ixhuvw ^4<<5` dlpv dw
uhsurgxflqj wkh shuvlvwhqw idoo lq wkh qrplqdo lqwhuhvw udwh iroorzlqj d prqhwdu| h{sdqvlrq
lq d forvhg hfrqrp| vhwwlqj= wklv dvvxpswlrq vwdwhv wkdw wkh krxvhkrog ghflghv wkh dprxqw
ri prqh| vkh zdqwv wr sxw lqwr wkh edqnv ehiruh wkh rffxuuhqfh ri wkh prqhwdu| lqmhfwlrq1
Iroorzlqj Grz ^4<<8`/ zh dvvxph wkdw upv kdyh wr eruurz lq rughu wr lqyhvw lq sk|vlfdo
fdslwdo1 Ehfdxvh ri wkh vshflf sdwk ri lqyhvwphqw lqgxfhg e| d srvlwlyh prqhwdu| vkrfn/ wklv
dvvxpswlrq doorzv wkh olplwhg sduwlflsdwlrq prgho wr jhqhudwh d oltxlglw| hhfw1 Ixuwkhupruh/
4Krzhyhu/ odujh ghyldwlrqv iurp wkh xqfryhuhg lqwhuhvw sdulw| uhpdlq xqh{sodlqhg1
6lw lv zhoo0nqrzq wkdw d frqyhqlhqw zd| wr jhqhudwh d odujh dqg shuvlvwhqw oltxlglw| hhfw
frqvlvwv lq dvvxplqj dgmxvwphqw frvwv rq prqh| kroglqjv + Fkulvwldqr dqg Hlfkhqedxp
^4<<5`/ Nlqj dqg Zdwvrq ^4<<9`,1 Wkh oltxlglw| hhfw kdv ehhq douhdg| dqdo|}hg lq dq rshq
hfrqrp| vhwwlqj e| Vfkodjhqkdxi dqg Zudvh ^4<<8`1 \hw wkh irfxv ri wkhlu sdshu lv txlwh
glhuhqw iurp rxuv1 Wkh dxwkruv dlp dw uhsurgxflqj wkh g|qdplf uhvsrqvhv ri wkh lqwhuhvw
udwh/ wkh qrplqdo h{fkdqjh udwh dqg wkh rxwsxw jlyhq e| d vwuxfwxudo YDU prgho/ iroorzlqj d
prqhwdu| h{sdqvlrq1 E| xvlqj d wzr0frxqwu| iudphzrun/ Vfkodjhqkdxi dqg Zudvh ^4<<8` dovr
phdvxuh wkh uroh sod|hg e| wkh oltxlglw| hhfw lq wkh lqwhuqdwlrqdo wudqvplvvlrq ri hfrqrplf
 xfwxdwlrqv1 Lq frqwudvw/ rxu sdshu kljkoljkwv wkh fuxfldo uroh sod|hg e| wkh ryhuvkrrwlqj
skhqrphqrq lq h{sodlqlqj wkh qrplqdo h{fkdqjh udwh yrodwlolw|1
Wkh vwuhdpolqhg iudphzrun zh sursrvh kljkoljkwv wkh vshflf fkdqqhov wkurxjk zklfk
prqhwdu| srolf| dhfwv wkh lqwhuhvw udwh dqg wkh qrplqdo h{fkdqjh udwh1 Zh dgrsw wkh vpdoo
rshq hfrqrp| dvvxpswlrq= vlqfh lw devwudfwv iurp pryhphqwv lq iruhljq lqwhuhvw udwh ru
lq dwlrq/ lw doorzv xv wr lghqwli| wkh grphvwlf sursdjdwlrq phfkdqlvpv lq d yhu| wudqvsduhqw
zd|1 Dv lq Gruqexvfk ^4<:9‘/ wkh qrplqdo h{fkdqjh udwh ryhuvkrrwlqj uhvxowv iurp uljlgl0
wlhv rq wkh pdunhw zkhuh wkh lqwhuhvw udwh lv ghwhuplqhg1 Lq Gruqexvfk ^4<:9‘*v iudphzrun/
wkh qrplqdo lqwhuhvw udwh lv ghwhuplqhg e| d OP htxdwlrq1 Sulfh vwlfnlqhvv wkxv pdjqlhv
wkh lqwhuhvw udwh uhvsrqvh wr prqhwdu| vkrfnv1 Lq wklv sdshu/ suhghwhuplqhg edqn ghsrvlwv
frpelqhg zlwk dgmxvwphqw frvwv rq prqh| kroglqjv frqvwlwxwh wkh vrxufhv ri uljlglwlhv wkdw
jhqhudwh d shuvlvwhqw idoo lq lqwhuhvw udwh iroorzlqj qrplqdo lpsxovhv1
Lq rughu wr dvvhvv wkh hpslulfdo uhohydqfh ri wkh ryhuvkrrwlqj skhqrphqrq/ wkh iroorzlqj
vwudwhj| lv dgrswhg= iru d jlyhq yrodwlolw| ri wkh prqh| vxsso|/ zh frpsduh wkh qrplqdo
h{fkdqjh udwh yrodwlolw| jhqhudwhg e| wzr prghov wkdw glhu iurp wkh h{fkdqjh udwh g|qdplfv1
Iluvwo|/ d fdvk0lq0dgydqfh hfrqrp| lv frqvlghuhg dv d ehqfkpdun prgho wr hydoxdwh wkh
txdqwlwdwlyh lpsolfdwlrqv ri ryhuvkrrwlqj g|qdplfv uhodwlyh wr d vwdqgdug prqrwrqlf dgmxvw0
phqw sdwk prgho1 Lqghhg/ d jhqhulf lpsolfdwlrq ri wkh fdvk0lq0dgydqfh prgho lv wr suryrnh
dq lqfuhdvh lq wkh vsuhdg ehwzhhq grphvwlf dqg iruhljq lqwhuhvw udwhv iroorzlqj d srvlwlyh
prqhwdu| vkrfn gxh wr d Ilvkhu hhfw1 Jlyhq xqfryhuhg lqwhuhvw udwh sdulw|/ wkh qrplqdo
h{fkdqjh udwh wkhq glvsod|v d prqrwrqlf ghsuhfldwlrq dorqj wkh dgmxvwphqw sdwk wr lwv qhz
vwhdg| vwdwh ydoxh1 Dv d uhvxow/ wkh prgho odfnv dpsolfdwlrq phfkdqlvpv = wkh yrodwlolw| ri
wkh qrplqdo h{fkdqjh udwh lv forvh wr wkdw ri lwv prqhwdu| ixqgdphqwdo1
Vhfrqgo|/ zh hydoxdwh zkhwkhu wkh ryhuvkrrwlqj skhqrphqrq lv deoh wr dpsoli| wkh h{0
rjhqrxv prqh| vxsso| vkrfnv1 Wkh olplwhg sduwlflsdwlrq prgho zlwk dgmxvwphqw frvwv rq
prqh| kroglqjv wkxv dffrxqwv iru d shuvlvwhqw oltxlglw| hhfw diwhu d srvlwlyh prqhwdu| vkrfn
dqg d qrplqdo h{fkdqjh udwh ryhuvkrrwlqj1 Zh wkhq vkrz wkdw wkh ryhuvkrrwlqj lqwhqvlw| gh0
whuplqhv wkh delolw| ri wkh prgho wr uhsolfdwh wkh revhuyhg yrodwlolw| ri wkh qrplqdo h{fkdqjh
udwh1
Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh exloglqj eorfnv ri wkh edvlf
fdvk0lq0dgydqfh prgho1 Wkh lqwulqvlf idloxuh ri wklv nlqg ri prgho +zkdwhyhu wkh vrxufh ri
7eruurzlqj/ oderu ru lqyhvwphqw, wr uhsurgxfh wkh lpsolfdwlrqv ri d prqhwdu| vkrfn gulyhv xv
wr ghyhors d olplwhg sduwlflsdwlrq prgho zlwk dgmxvwphqw frvwv rq prqh| kroglqjv lq vhfwlrq
61 Vhfwlrq 7 frqfoxghv1
5 Wkh fdvk0lq0dgydqfh prgho +P4,
514 Wlplqj ri ghflvlrqv
Wkh prgho frqvlvwv lq irxu w|shv ri hfrqrplf djhqwv +wkh frqvxphu0krxvhkrog/ wkh jrrg0
surgxflqj up/ wkh qdqfldo lqwhuphgldu| dqg wkh fhqwudo edqn, dqg yh pdunhwv +jrrgv/
oderu/ ordqdeoh ixqgv/ iruhljq dvvhwv dqg prqh| pdunhwv, lq d vpdoo rshq hfrqrp| iudphzrun1
Wkh wlplqj ri ghflvlrqv zlwklq d shulrg fdq eh vhsdudwhg lq irxu vwhsv =
 Dw wkh ehjlqqlqj ri wkh shulrg/ wkh prqhwdu| vkrfn rffxuv = wkh prqhwdu| dxwkrulwlhv
lqmhfw oltxlglw| lqwr wkh ordqdeoh ixqgv pdunhw1
 Wkh fuhglw pdunhw rshqv1 Wkh krxvhkrog xvhv K
| dv d edqn ghsrvlw1 Wkh up ghwhu0
plqhv lwv ghpdqg iru oderu dqg fdslwdo vr dv wr surgxfh wkh vlqjoh zruogzlgh jrrg1
Dv lq Grz ^4<<8`/ wkh up eruurzv fdvk iurp wkh qdqfldo lqwhuphgldu| wr qdqfh
lqyhvwphqw1
 Lq wkh wklug vwhs/ wkh shuihfwo| frpshwlwlyh jrrg pdunhw rshqv/ surgxfwlrq dqg sxu0
fkdvlqj ghflvlrqv duh pdgh1
 Dw wkh hqg ri wkh shulrg/ wkh iruhljq dvvhw pdunhw rshqv1 Wkh uhsuhvhqwdwlyh krxvh0
krog ghflghv wr ex| ru wr vhoo iruhljq dvvhwv zkrvh uhwxuq lv jlyhq e| wkh h{rjhqrxv
iruhljq lqwhuhvw udwh1 Oderu lqfrph lv froohfwhg dqg ordqv duh uhsdlg wr wkh qdqfldo
lqwhuphgldu|1 Pruhryhu/ dv wkh rzqhu ri wkh up dqg wkh edqn/ wkh krxvhkrog uhfhlyhv
glylghqg sd|phqwv iurp wkhp1
515 Vwuxfwxuh ri wkh prgho
Wkh jrrgv pdunhw lv shuihfwo| frpshwlwlyh/ wkh grphvwlf upv dqg wkh uhvw ri wkh zruog
frpshwh zlwk hdfk rwkhu wr surgxfh d vlqjoh jrrg zkrvh sulfh lq grphvwlf fxuuhqf| lv |1
Wklv lpsolhv wkdw wkh odz ri rqh sulfh krogv/ dv zhoo dv wkh sxufkdvlqj srzhu sdulw|1 Ohw e|
eh wkh sulfh ri wkh iruhljq fxuuhqf| lq whupv ri grphvwlf fxuuhqf|1 Zlwk  W wkh h{rjhqrxv
+vpdoo rshq hfrqrp| dvvxpswlrq, sulfh ri wkh jrrg lq iruhljq fxuuhqf| xqlwv/ sxufkdvlqj
srzhu sdulw| lv jlyhq e| wkh iroorzlqj htxdwlrq 5=
| ' e|
W +4,
5Wkh rffxuuhqfh ri prqhwdu| vkrfnv uhqghuv wkh zkroh vhw ri yduldeohv +h{fhsw wkh iruhljq sulfh ohyho S￿
dqg wkh iruhljq qrplqdo lqwhuhvw udwh l￿, vwdwh0frqwlqjhqw1 D uljrxulrxv qrwdwlrq zrxog wkxv lpso| qrwlqj
yduldeohv dv \ +vw,>F+v w,>=== zlwk vw wkh vwdwh ri wkh zruog frqwlqjhqw wr wkh uhdol}hg prqhwdu| vkrfn1 Krzhyhu
wr hdvh wkh uhdglqj zh devwudfw iurp wkhvh khdy| qrwdwlrqv1
8Frqvhtxhqwo|/ wkh uhdo h{fkdqjh udwh/ ghqhg dv wkh udwlr ri wkh jrrg sulfhv lq whupv ri
grphvwlf fxuuhqf|/ lv htxdo wr rqh1
51514 Wkh krxvhkrog








zlwk | wkh frqvxpswlrq ri wkh jrrg dqg M| wkh zrunhg krxuv1 Dv wkh wlph hqgrzphqw lv
qrupdol}hg wr xqlw|/ ohlvxuh wlph u| lv jlyhq e| wkh iroorzlqj htxdwlrq=
'u |nM |
Wkh xwlolw| ixqfwlrq lv jlyhq e| =
LE|cM |'* L } |n*L}E  M| +6,
Frqvwudlqwv = Wkh krxvhkrog idfhv d fdvk0lq0dgydqfh frqvwudlqw rq khu frqvxpswlrq sxu0
fkdvhv =
||  |  
K
| +7,
zkhuh | ghqrwhv wkh hqwluh hfrqrp|*v prqh| vwrfn wkdw lv khog dw wkh ehjlqqlqj ri wkh
shulrg e| wkh krxvhkrog dqg K
| wkh dprxqw ri prqh| kroglqjv sxw lqwr wkh edqn1 Wkh
uhwxuq ri wkh edqn ghsrvlwv +dw wkh hqg ri wkh shulrg, lv jlyhq e| wkh qrplqdo lqwhuhvw udwh
-|1
Wkh krxvhkrog dovr vdyhv e| kroglqj iruhljq dvvhwv1 Lqwhuqdwlrqdo qdqfldo pdunhwv duh
lqfrpsohwh dqg/ hdfk shulrg/ wkh krxvhkrog ex|v |n￿ +lq iruhljq fxuuhqf|, ri dvvhwv lvvxhg
e| wkh uhvw ri wkh zruog1 Wkh iruhljq qdqfldo dvvhw |lhogv dq h{rjhqrxv +vpdoo rshq hfrqrp|
dvvxpswlrq, qr0ulvn qrplqdo lqwhuhvw udwh W wrpruurz1 Dv wkh iruhljq dvvhwv duh lvvxhg lq
iruhljq fxuuhqf|/ wkh qrplqdo h{fkdqjh udwh lv d nh| yduldeoh lq wkh sruwirolr ghflvlrqv1
Lq shulrg |/ wkh krxvhkrog ghflghv wkh dprxqw ri grphvwlf kroglqjv |n￿ dqg wkh dprxqw
ri iruhljq dvvhwv |n￿ wkdw vkh zdqwv wr dffxpxodwh1 Vkh dovr ghwhuplqhv khu frqvxpswlrq
ri jrrg |/ khu oderu vxsso| M| dqg wkh dprxqw ri prqh| K
| vkh sxwv lqwr wkh edqn lq wkh
shulrg1
Wkh krxvhkrog exgjhw frqvwudlqw lv wkhq =
|n￿ n e||n￿ n || +8,
 |  
K
| n ||M| nE n- | 
K






zkhuh | ghqrwhv wkh uhdo zdjh/ (
s
| dqg (K
| wkh surwv ri wkh up dqg wkrvh ri wkh edqn
uhvshfwlyho|/ zklfk duh uhwxuqhg dv glylghqgv wr wkh krxvhkrog dw wkh hqg ri wkh shulrg1
9Surjudp = Wkh krxvhkrog pd{lpl}hv khu h{shfwhg lqwhuwhpsrudo xwlolw| +5, vxemhfw wr wkh
fdvk0lq0dgydqfh frqvwudlqw +7, dqg wkh exgjhw frqvwudlqw +8,1 Wklv surjudp lv zulwwhq dv d
Ehoopdq htxdwlrq =




vxemhfw wr frqvwudlqwv +7, dqg +8,1 Zlwk b| wkh pxowlsolhu dvvrfldwhg zlwk wkh exgjhw frq0
vwudlqw/ wkh uvw rughu frqglwlrqv duh =
L
￿
￿| 'E  n - |   | b | +9,
L
￿
M| ' ||b| +:,










\| ' |b| h{suhvvhv wkh vkdgrz sulfh dvvrfldwhg zlwk wkh krxvhkrog uhdo zhdowk1 Htxd0
wlrq +9, htxdwhv wkh pdujlqdo xwlolw| ri frqvxpswlrq +L￿
S| dqg wkh frvw ri frqvxpswlrq1
Frqvxplqj rqh pdujlqdo xqlw ri jrrg frvwv \| lq whupv ri uhdo zhdowk soxv wkh rssruwxqlw|
frvw dvvrfldwhg zlwk d edqn ghsrvlw1
Oderu uhyhqxhv gr qrw hqwhu wkh fdvk0lq0dgydqfh frqvwudlqw/ khqfh wkh| fdqqrw eh xvhg wr
frqvxph lq wkh fxuuhqw shulrg1 Htxdwlrq +:, vwdwhv wkh htxdolw| ehwzhhq wkh frvw ri zrunlqj
lq whupv ri pdujlqdo xwlolw| dqg lwv ehqhwv lq whupv ri uhdo zhdowk lqfuhdvh1 Htxdwlrq +;,
lv uhodwhg wr wkh fkrlfh ri iruhljq dvvhwv dqg htxdwhv wkh fxuuhqw pdujlqdo frvw +lq whupv ri
zhdowk, ri ex|lqj iruhljq dvvhwv +e|b| wr lwv jdlqv lqgxfhg wkh qh{w shulrg +e|n￿b|n￿EnW1
Frqglwlrq +<, uhsuhvhqwv wkh fkrlfh ri kroglqj grphvwlf prqh|1 Wkh krxvhkrog htxdwhv wkh
frvw ri kroglqj prqh| +b| lq wkh fxuuhqw shulrg wr wkh pdujlqdo xwlolw| ri frqvxpswlrq lw
|lhogv wkh qh{w shulrg1 Kroglqj rqh xqlw ri grphvwlf fxuuhqf| lq wkh fxuuhqw shulrg doorzv
wkh frqvxphu wr ex| ￿
￿|n￿ xqlwv ri jrrg wkh qh{w shulrg/ zklfk lqgxfhv pdujlqdo xwlolw| L￿
S|n￿
51515 Wkh up






zkhuh k 5 dfco1
Wkh remhfwlyh ri wkh uhsuhvhqwdwlyh up lv wr pd{lpl}h wkh glvfrxqwhg vwuhdp ri glylghqgv
sd|phqwv zkhuh wkh glylghqgv duh glvfrxqwhg e| lwv ydoxh wr wkh rzqhu ri wkh up +wkh
frqvxphu,1 Frqvhtxhqwo|/ lw fkrrvhv ehwzhhq sd|lqj wkh glylghqgv wr wkh krxvhkrog dw wkh
hqg ri wkh shulrg dqg lqyhvwlqj wkhp lq sk|vlfdo fdslwdo1 Wkh glvfrxqwhg udwh wkdw fdswxuhv
wklv ghflvlrq lv wkh udwlr ri wkh pxowlsolhuv dvvrfldwhg zlwk wkh exgjhw frqvwudlqw ri wkh
krxvhkrog/ vlqfh wkdw udwlr uh hfwv wkh frqvxphu*v yduldwlrq lq zhdowk1 Surwv iurp vdohv duh
:uhfhlyhg e| wkh up dw wkh hqg ri wkh shulrg1 Khqfh/ dw wkh ehjlqqlqj ri wkh shulrg/ wkh up
kdv wr eruurz ixqgv iurp wkh edqn wr lqyhvw lq sk|vlfdo fdslwdo1 Wkh frvw ri eruurzlqj lv wkh
qrplqdo lqwhuhvw udwh -|/ zklfk htxdwhv wkh udwh ri uhwxuq rq wkh krxvhkrog edqn ghsrvlwv1


















| ' |t|  ||M|  |E n -|U| +45,
jlyhq wkh odz ri prwlrq ri wkh sk|vlfdo fdslwdo vwrfn =
U| ' g|n￿  E  Bg| +46,
Wkh uvw rughu frqglwlrqv dvvrfldwhg zlwk wkh ghpdqg iru oderu dqg fdslwdo duh =
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 - | n￿

+48,
Htxdwlrq +47, vwdwhv wkdw wkh frvw ri klulqj zrunhuv htxdwhv wkhlu pdujlqdo surgxfwlylw|1
Htxdwlrq +48, htxdwhv wkh frvw ri d pdujlqdo lqyhvwphqw/ zklfk lqfrusrudwhv wkh eruurz0
lqj frvw E n -|/ wr wkh ehqhwv ri pdujlqdo lqyhvwphqw1 Wkh odwwhu lqfoxghv wkh pdujlqdo
surgxfwlylw| ri fdslwdo k
t|n￿
g|n￿/ wkh pdujlqdo uhyhqxhv dvvrfldwhg zlwk vhoolqj wkh xqghsuhfl0
dwhg fdslwdo E  B dv zhoo dv wkh ordq wkdw wkh up zloo qrw kdyh wr pdnh wkdqnv wr wkh
xqghsuhfldwhg fdslwdo +  B-|n￿1
51516 Wkh fhqwudo edqn
Hdfk shulrg/ dq dprxqw ri prqh| f| lv lqmhfwhg lqwr wkh ordqdeoh ixqgv pdunhw1 Wkh prqh|
vwrfn hyroyhv dffruglqj wr =
|n￿ ' | n f| +49,
zlwk wkh prqhwdu| lqmhfwlrq ghqhg dv =
f| 'E } || +4:,
Wkh prqh| jurzwk idfwru }| hyroyhv dffruglqj wr d uvw rughu dxwruhjuhvvlyh surfhvv
*L}}|n￿ 'E 4 }*L}}n4 }*L}}| n 0}|n￿ +4;,
zlwk 0}|n￿ d zklwh qrlvh1
;51517 Wkh qdqfldo lqwhuphgldu|
Lq wkh prgho/ wkh qdqfldo lqwhuphgldu| dffhswv ghsrvlwv iurp wkh krxvhkrog EK
| zklfk duh
uhsdlg dw wkh hqg ri wkh shulrg dw wkh lqwhuhvw udwh -| W k he d q nd o v ru h f h l y h vf d v kl q m h f w l r q v
f | iurp wkh hfrqrp|*v prqhwdu| dxwkrulwlhv1 Wkh edqn*v uhvrxufhv duh ordqhg wr wkh up1
Wkh hqg0ri0shulrg surw lv uhglvwulexwhg wr wkh krxvhkrog lq wkh irup ri glylghqgv1 Wkh
dvvhw edodqfh ri wkh edqn ohdgv wr =
|U| ' 
K
| n f| +4<,




| 'E n- |  |U |E n -|
K
| +53,
Xvlqj +4<,/ +53, ehfrphv =
(
K
| 'E n- | f | +54,
516 Htxloleulxp
Wkh htxloleulxp lv fkdudfwhul}hg e| wkh vhw ri sulfhv l￿
| ' i|c- |c |ce |j
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 jlyhq wkh vhw ri sulfhv l￿c wkh yhfwru ri h{rjhqrxv iruhljq yduldeohv ~WcWjcwkh vhw ri
txdqwlwlhv l￿ pd{lpl}hv wkh h{shfwhg lqwhuwhpsrudo xwlolw| ri wkh krxvhkrog vxemhfw
wr htxdwlrqv +7, dqg +8,/
 jlyhq wkh vhw ri sulfhv l￿c wkh yhfwru ri h{rjhqrxv iruhljq yduldeohv ~WcWjcwkh vhw
ri txdqwlwlhv l’ pd{lpl}hv wkh surwv ri wkh uhsuhvhqwdwlyh up vxemhfw wr htxdwlrqv
+43, dqg +46,/
 jlyhq wkh vhwv ri txdqwlwlhv l￿ dqg l’ dqg jlyhq wkh yhfwru ri h{rjhqrxv iruhljq
yduldeohv ~WcWjc wkh vhw ri sulfhv l￿ hqvxuhv wkdw wkh oderu pdunhw/ wkh ordqdeoh
ixqgv pdunhw dqg wkh prqh| pdunhw duh fohduhg dqg wkdw wkh sxufkdvlqj srzhu sdulw|
lv vdwlvhg1
6Iru vdnh ri vlpsolflw|/ zh gr qrw glvwlqjxlvk qrwdwlrqv ri vxsso| yduldeohv iurp ghpdqg yduldeohv rq doo
pdunhwv1
<Vlqfh zh prgho d vpdoo rshq hfrqrp|/ rxwsxw dqg dvvhwv grphvwlf djjuhjdwh txdqwlwlhv
duh htxloleulxp txdqwlwlhv dw wkh jlyhq iruhljq sulfh ohyho W
| d q gw k hj l y h qq r p l q d oi r u h l j q
lqwhuhvw udwh W Wkdw lv/ rq wkh iruhljq dvvhwv pdunhw wkh grphvwlf krxvhkrog fdq fduu| rxw
dq| iruhljq dvvhw vkh lv zloolqj wr krog jlyhq wkh iruhljq lqwhuhvw udwh/ ehlqj rqo| frqvwudlqhg
e| khu exgjhw frqvwudlqw1 Zh wkxv lqihu iurp wkh exgjhw frqvwudlqw +8, dqg wkh pdunhw
htxloleuld wkdw wkh krxvhkrog*v iruhljq dvvhw kroglqjv hyroyh dv=
e||n￿  e|E n 
W| ' |Et|  E| n U| +55,
Wklv htxdwlrq uh hfwv wkh htxloleulxp ri wkh edodqfh ri sd|phqwv ri wkh krph hfrqrp|1
Wkh vpdoo frxqwu| wudghv zlwk wkh uhvw ri wkh zruog/ ghshqglqj rq wkh ohyhov ri wkh krph
surgxfwlrq dqg devruswlrq/ dv vkrzq lq htxdwlrq +55,1 Li grphvwlf surgxfwlrq h{fhhgv
devruswlrq +t|  E| n U| : f/ wkh wudgh edodqfh lv srvlwlyh zkloh wkh fdslwdo dffrxqw lv
qhjdwlyh = wkh krxvhkrog vhoov wkh surgxfwlrq vxusoxv deurdg dqg lqfuhdvhv khu kroglqj ri
iruhljq dvvhwv1 Lq frqwudvw/ li grphvwlf surgxfwlrq fdqqrw vdwlvi| wkh grphvwlf ghpdqg iru
jrrg/ wkh hfrqrp| kdv wr lpsruw jrrgv iurp wkh uhvw ri wkh zruog dqg qdqfh lwv wudgh
ghflw e| eruurzlqj iurp deurdg1
Wkh vhw ri uvw0rughu frqglwlrqv/ pdunhw htxloleulxp htxdwlrqv dv zhoo dv wkh odzv ri
prwlrq iru sk|vlfdo fdslwdo/ grphvwlf prqh| vxsso|/ iruhljq dvvhwv dqg prqhwdu| jurzwk
idfwru frqvwlwxwhv d qrq0olqhdu g|qdplf v|vwhp +vhh dsshqgl{ D14,1 Wr vroyh wkh prgho zh
surfhhg wkh iroorzlqj zd|1 Zh uvw ghwhuplqh wkh orqj uxq htxloleulxp ri wkh hfrqrp|
+vhfwlrq 517,1 Wkhq/ iroorzlqj Nlqj/ Sorvvhu dqg Uhehor ^4<;;` wkh g|qdplf v|vwhp lv orj0
olqhdul}hg durxqg wklv vwhdg| vwdwh1 Ghflvlrq uxohv duh ghwhuplqhg wkurxjk Iduphu ^4<<6`*v
phwkrgrorj|1 Whfkqlfdo vroylqj lv ghwdlohg lq dsshqgl{ D151
517 Fdoleudwlrq dqg vwhdg| vwdwh htxloleulxp
Wkh shulrg lq wkh prgho lv dvvxphg wr eh d txduwhu1 Wkh fdoleudwlrq ri wkh sdudphwhuv
ikcqcBcMj lv vwdqgdug1 Wkh sdudphwhu D vwdqgv iru wkh dyhudjh ri wkh wudgh edodqfh wr
JGS udwlr iru wkh J: frxqwulhv h{fhsw wkh Xqlwhg Vwdwhv 7/ rq wkh shulrg 4<:6=404<<;=61 Zh
xvh wklv udwlr wr ghwhuplqh wkh orqj uxq uhdo ghew wr JGS udwlr dv vkrzq ehorz1 Wkh orqj
uxq lq dwlrq idfwru Z lv edvhg rq wkh dyhudjh lq dwlrq idfwru rq J: frxqwulhv ehwzhhq 4<:6=4
dqg 4<<:=7 +RHFG vrxufhv,1 Fdoleudwlrq iru wkh vwuxfwxudo sdudphwhuv lv vxppdul}hg lq
wdeoh 41 Wr ghwhuplqh wkh shuvlvwhqfh frh!flhqw ri wkh prqhwdu| vkrfn 4} dqg wkh vwdqgdug
ghyldwlrq ri wkh prqhwdu| lqqrydwlrqv j0}c zh uxq uhjuhvvlrqv rq wkh prqhwdu| edvh ri J:
frxqwulhv h{fhsw wkh Xqlwhg0Vwdwhv/ rq wkh shulrg 4<:6=404<<;=71 Gdwd frphv iurp RHFG*v
Pdlq Hfrqrplf Lqglfdwruv1 Hvwlpdwhv duh uhsruwhg lq wdeoh 51 Wkh phgldq ydoxh ri rxu
hvwlpdwhv lv rxu ehqfkpdun fdoleudwlrq iru wkh vpdoo rshq hfrqrp| prqhwdu| surfhvv1
7Wkh Xqlwhg0Vwdwhv duh h{foxghg iurp rxu dqdo|vlv ehfdxvh ri rxu vpdoo rshq hfrqrp| dvvxpswlrq1
43Wdeoh 4= Sdudphwhuv
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Wkh fdoleudwlrq ri wkh vwuxfwxudo sdudphwhuv doorzv xv wr ixuwkhu ghulyh wkh orqj uxq ydoxhv
iru djjuhjdwh yduldeohv1 Wkh uvw vwhs frqvlvwv lq uhghqlqj wkh htxdwlrqv iru wkh v|vwhp wr
ehfrph vwdwlrqdu| +vhh dsshqgl{ D14,1 Zh wkhq ghulyh wkh vwhdg| vwdwh htxloleulxp1
Vwhdg| vwdwh htxloleulxp Wkh vwhdg| vwdwh htxloleulxp uhsuhvhqwv d vlwxdwlrq zkhuh
wkh djhqwv* h{shfwdwlrqv duh yhulhg dqg/ devhqw dq| wuhqg lq wkh prgho/ uhdo yduldeohv duh
frqvwdqw1
Zh frqvlghu wkdw wkh orqj uxq lq dwlrq idfwru lv htxdo ehwzhhq frxqwulhv l1h1 Z ' ZW
Wkh vwhdg| vwdwh prqhwdu| jurzwk idfwru wkdw vxssruwv orqj uxq lq dwlrq lv wkhq
} ' Z
Ehvlghv/ wkh +vwdwlrqdu|, sxufkdvlqj srzhu sdulw| htxdwlrq +65, |lhogv wkdw wkh orqj uxq
qrplqdo h{fkdqjh udwh lv frqvwdqw l1h1 wkh qrplqdo h{fkdqjh udwh fkdqjh {e lv htxdo wr 4
Xqfryhuhg lqwhuhvw udwh sdulw|8 wkxv lpsolhv wkdw grphvwlf dqg iruhljq lqwhuhvw udwh duh htxdo
lq wkh orqj uxq l1h1 - ' W Frpelqlqj htxdwlrqv +67, dqg +6:, ixuwkhu jlyhv wkh h{suhvvlrq





Wkh uvw rughu frqglwlrq rq lqyhvwphqw iru upv ghwhuplqhv wkh fdslwdo pdujlqdo sur0
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Wkhq/ wkh htxdwlrq iru wkh surgxfwlrq whfkqrorj| +htxdwlrq +74,,/ jlyhq rxu fdoleudwlrq iru





8Vhh htxdwlrq 56/ h{suhvvhg lq orj0ghyldwlrq iurp vwhdg| vwdwh ehorz1
44Zh wkhq rewdlq wkh fdslwdo vwrfn g ' Vt Wkh ydoxh iru lqyhvwphqw lv ghulyhg wkurxjk
htxdwlrq +6<, = U ' Bg
Wkh edodqfh ri sd|phqwv htxloleulxp +htxdwlrq +77,, doorzv xv wr ghwhuplqh wkh orqj uxq















zkhuh  vwdqgv iru grphvwlf wudgh edodqfh1 Wklv htxdwlrq frpelqhg zlwk rxu fdoleudwlrq


















Wklv doorzv xv wr jhw wkh vwhdg| vwdwh frqvxpswlrq ohyho wkurxjk htxdwlrq +77,






Frpelqhg zlwk wkh fdvk0lq0dgydqfh frqvwudlqw +htxdwlrq +66,, dqg wkh fuhglw pdunhw htxl0
oleulxp +htxdwlrq +76,,/ zh rewdlq wkh vwhdg| vwdwh ydoxh iru uhdo edodqfhv=
6 '  n U
Khqfh/ iurp htxdwlrq +66,/ wkh krxvhkrog edqn ghsrvlw dprxqwv wr
6
K ' 6  Z
Wkh uvw0rughu frqglwlrq rq oderu ghpdqg jlyhv wkh zdjh udwh
 'E k 
t
M
dqg wkh frqglwlrq iru frqvxpswlrq jlyhv wkh pdujlqdo zhdowk xwlolw|1 Zlwk wkh suhihuhqfhv
ghqhg dv htxdwlrq +6,/ zh jhw
\'

 E n -
dqg qdoo|/ wkh ydoxh iru M lv rewdlqhg wkurxjk wkh frqglwlrq iru ohlvxuh=
M 'E M   \
45518 Ilvkhuldq hhfw dqg wkh devhqfh ri ryhuvkrrwlqj
Gruqexvfk ^4<:9‘ dvvhuwv wkdw wkh qrplqdo h{fkdqjh udwh ryhuvkrrwv lwv orqj uxq ydoxh lq
uhvsrqvh wr prqhwdu| lpsxovhv1 Wkhuhiruh/ zh dqdo|}h lq wklv vhfwlrq wkh djjuhjdwh g|qdplfv
iroorzlqj dq h{sdqvlrqdu| prqhwdu| vkrfn1 Zh wkhq jdxjh wkh hpslulfdo uhohydqfh ri wkh
phfkdqlvpv ri rxu prgho e| frpsdulqj wkh qrplqdo h{fkdqjh udwh yrodwlolw| dv suhglfwhg
e| wkh prgho wr wkdw ri lwv prqhwdu| ixqgdphqwdov1 Dv zh frqvlghu d vpdoo rshq hfrqrp|/
iruhljq yduldeohv +wkh iruhljq lqwhuhvw udwh dqg wkh iruhljq lq dwlrq udwh, duh frqvwdqw1
Iljxuh 4 glvsod|v wkh lpsxovh uhvsrqvh ixqfwlrqv ri wkh qrplqdo h{fkdqjh udwh dqg wkh
grphvwlf lqwhuhvw udwh iroorzlqj d 4( lqfuhdvh lq wkh krph prqh| jurzwk idfwru lq shulrg 91
Iljxuh 4= Ilvkhu hhfw dqg wkh devhqfh ri ryhuvkrrwlqj
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nominal interest rate 
dynamic path      
steady state value
Wkh prqhwdu| lqmhfwlrq ohdgv wr dq lqfuhdvh lq wkh lqwhuhvw udwh9 dv zhoo dv d frqwlqx0
rxv ghsuhfldwlrq ri wkh qrplqdo h{fkdqjh udwh1 Prgho P4 grhv qrw jhqhudwh dq| qrplqdo
h{fkdqjh udwh ryhuvkrrwlqj1 Wklv idloxuh lv gxh wr wkh frpelqdwlrq ri wkh odfn ri oltxlglw|
hhfw dqg wkh xqfryhuhg lqwhuhvw udwh sdulw|1
Lqghhg/ lq prgho P4/ wkh uhvsrqvh ri wkh qrplqdo lqwhuhvw udwh reh|v lwv Ilvkhuldq ixq0
gdphqwdov1 Lq wkh shulrg ri wkh vkrfn/ wkh krxvhkrog uhgxfhv khu edqn ghsrvlwv ehfdxvh ri
h{shfwhg lq dwlrq1 Wkh zlwkgudzdo ri sulydwh ixqgv frxqwhudfwv wkh prqh| wudqvihu iurp
wkh jryhuqphqw wr wkh qdqfldo lqwhuphgldu|1 Xowlpdwho| wkh vxsso| ri ordqv vkulqnv1 Wklv
lpsolhv dq lqfuhdvh ri wkh lqwhuhvw udwh zklfk udlvhv wkh frvw ri lqyhvwphqw1 Wkh prqhwdu|
lqmhfwlrq grhv qrw lpso| dq| oltxlglw| hhfw1
9Wkh vwhdg| vwdwh ydoxh iru wkh qrplqdo lqwhuhvw udwh lv 51963( shu txduwhu1 Rq lpsdfw wkh qrplqdo
lqwhuhvw udwh lqfuhdvhv e| 55 edvlv srlqwv1
46Wklv skhqrphqrq/ dvvrfldwhg zlwk xqfryhuhg lqwhuhvw sdulw|/ suhyhqwv wkh prgho iurp
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| n￿ ' .|e e|n￿  e e| +56,
Htxdwlrq +56, lv rewdlqhg iurp olqhdul}lqj htxdwlrqv +9,/ +;, dqg +<,1 Htxdwlrq +56, vwdwhv
wkdw/ vlqfh wkhuh duh qr eduulhuv wr lqwhuqdwlrqdo dvvhw wudglqj/ wkh duelwudjh ehwzhhq krph
dqg iruhljq dvvhwv ohdgv wr xqfryhuhg lqwhuhvw udwh sdulw|1 Wkh iruhljq lqwhuhvw udwh ehlqj
frqvwdqw/ htxdwlrq +56, ehfrphv =
-
n-
. |e - | n￿ ' .|e e|n￿  e e| +57,
Vlqfh wkh uhvsrqvh ri wkh qrplqdo lqwhuhvw udwh lv ghwhuplqhg e| lwv Ilvkhuldq ixqgdphq0
wdov/ wkh prqhwdu| lqmhfwlrq grhv qrw jhqhudwh dq| oltxlglw| hhfw1 Wkh shuvlvwhqw ulvh lq
wkh qrplqdo lqwhuhvw udwh lpsolhv/ wkurxjk xqfryhuhg lqwhuhvw udwh sdulw| +57,/ d frqwlqxrxv
ghsuhfldwlrq ri wkh qrplqdo h{fkdqjh udwh dorqj wkh wudqvlwlrq sdwk1 Wkh prgho idlov wr
jhqhudwh dq| qrplqdo h{fkdqjh udwh ryhuvkrrwlqj1
Wkh vlpxodwlrq uhvxowv uhsruwhg lq wdeoh 6 frqup wkh lqdelolw| ri vxfk prqhwdu| prghov
wr jhqhudwh sodxvleoh h{fkdqjh udwh yrodwlolw|1 Wdeoh 6 glvsod|v wkh vwdqgdug ghyldwlrq ri
qrplqdo h{fkdqjh udwhv +je/ wkdw ri wkh prqhwdu| jurzwk idfwru +j}c dqg wkh uhodwlyh
qrplqdo h{fkdqjh udwh yduldelolw| +je*j} = zh frpsxwh wkrvh yrodwlolwlhv iru J0: frxqwulhv
h{fhsw wkh Xqlwhg Vwdwhv/ vlqfh wkrvh frxqwulhv fdq eh frqvlghuhg dv vpdoo rshq hfrqrplhv
ylv0ã0ylv wkh Xqlwhg Vwdwhv1 Wkh| kdyh suhylrxvo| ehhq owhuhg dffruglqj wr wkh Krgulfn
dqg Suhvfrww ^4<<:`*v phwkrg1 Gdwd +4<:6=404<<;=7, frph iurp RHFG*v Pdlq Hfrqrplf
Lqglfdwru1
Wdeoh 6= Qrplqdo h{fkdqjh udwh ehkdylru ylv0d0ylv wkh XV Groodu
Frxqwu| jeEI j}EI je
j}
Fdqdgd 51;; 31;5 6184
Iudqfh <13: 31:8 45138
Jhupdq| ;173 31<3 <168
Lwdo| <138 31<: <165
Mdsdq <138 31;3 44168
Xqlwhg0Nlqjgrp :16: 318< 45174
Phgldq ;1:6 31;4 43168
Prgho P4 4147 31:; 4179
Wdeoh 6 kljkoljkwv wkh vwurqj glvfrqqhfw ehwzhhq wkh qrplqdo h{fkdqjh udwh dqg wkh
prqhwdu| jurzwk idfwru = qrplqdo h{fkdqjh udwh lv derxw 43168 wlphv pruh yrodwloh wkdq
47qrplqdo vkrfnv1 Wdeoh 6 dovr uhsruwv wkh h{fkdqjh udwh yrodwlolw| dv suhglfwhg e| 833 vlpxod0
wlrqv ri prgho P41 Wkh yrodwlolw| ri wkh qrplqdo h{fkdqjh udwh lv kdugo| kljkhu wkdq wkdw ri
wkh prqhwdu| lpsxovh/ zlwk d uhodwlyh yrodwlolw| wkdw htxdwhv 41771 Xqolnh Gruqexvfk ^4<:9‘*v
uhvxow/ wkh prgho idlov wr jhqhudwh dq| dpsolhg pryhphqw iru wkh qrplqdo h{fkdqjh udwh
iroorzlqj d qrplqdo vkrfn1
Wkh uhvxowv gulyh xv wr h{soruh wkh uroh ri pdunhw uljlglwlhv wkdw pd| dpsoli| wkh hhfwv
ri prqh| rq wkh qrplqdo h{fkdqjh udwh1 Zlwk wkh lqwhuhvw udwh sdulw|/ wkh odvwlqj lqfuhdvh
lq wkh qrplqdo lqwhuhvw udwh lpsolhv d frqwlqxrxv ghsuhfldwlrq ri wkh qrplqdo h{fkdqjh udwh1
Wklv phfkdqlvp dffrxqwv iru wkh lqdelolw| ri wkh prgho wr h{sodlq h{fkdqjh udwh yrodwlolw|1
Frqvhtxhqwo|/ zh prgli| wkh prgho wr jhqhudwh d shuvlvwhqw oltxlglw| hhfw1
6 Wkh olplwhg sduwlflsdwlrq prgho +P5,
614 Wkh prgho
Wkh wlplqj ri ghflvlrqv lv prglhg = zh lqwurgxfh lqirupdwlrq dv|pphwulhv lq rughu wr
jhqhudwh d oltxlglw| hhfw diwhu d prqh| vkrfn1 Ehvlghv kroglqj prqh| iru frqvxpswlrq
sxufkdvhv +S
|,/ wkh krxvhkrog qrz xvhv vrph dprxqw ri prqh| dv edqn ghsrvlwv +K
| ,1
Lqirupdwlrq dv|pphwulhv duh lqwurgxfhg wkurxjk wkh olplwhg sduwlflsdwlrq dvvxpswlrq1 Lq
wkh vslulw ri Ixhuvw ^4<<5`/ zh qrz dvvxph wkdw wkh prqhwdu| vkrfn rffxuv diwhu wkh krxvhkrog
kdv pdgh khu ghsrvlw fkrlfh1
Ixuwkhupruh/ iroorzlqj Fkulvwldqr dqg Hlfkhqedxp ^4<<5`dqg Nlqj dqg Zdwvrq ^4<<9`/
zh lqwurgxfh dgmxvwphqw frvwv rq prqh| kroglqjv1 Lqghhg/ li wkh vwdqgdug olplwhg sduwlfl0
sdwlrq prgho jhqhudwhv d oltxlglw| hhfw iroorzlqj d srvlwlyh prqhwdu| vkrfn/ wkh ghfuhdvh
lq wkh lqwhuhvw udwh lv qrw vwurqj dqg shuvlvwhqw hqrxjk dv frpsduhg wr wkh vw|ol}hg idfwv1
Dv prghohg e| Fkulvwldqr dqg Hlfkhqedxp ^4<<5`/ rqh zd| wr lpsuryh wkh oltxlglw| hhfw lv
wr prgli| wkh hqylurqphqw vr wkdw wkh qdqfldo vhfwru uhpdlqv pruh oltxlg wkdq wkh uhdo
vhfwru iru vhyhudo shulrgv diwhu wkh prqhwdu| vkrfn1 Zh prgho wklv lqwxlwlrq e| dvvxplqj
wkdw dgmxvwlqj wkh prqh|0fdvk S
| lv frvwo|1 Li/ diwhu wkh vkrfn wkh krxvhkrog lqfuhdvhv khu
prqh|0fdvk e| rqo| d vpdoo dprxqw/ lw lpsolhv wkdw wkh zlwkgudzdo ri khu ghsrvlwv lv uhgxfhg1
Wkhq/ lq wkh iroorzlqj shulrg wkh up kdv wr devrue d odujhu vkduh ri wkh hfrqrp|*v ixqgv
dqg wkh oltxlglw| hhfw shuvlvwv ryhu wlph1 Lq rxu vhwwlqj/ jlyhq xqfryhuhg lqwhuhvw udwh sdulw|/
d odujh dqg odvwlqj idoo lq wkh lqwhuhvw udwh glhuhqwldo lpsolhv d vljqlfdqw ryhuvkrrwlqj ri
wkh qrplqdo h{fkdqjh udwh1 Wkxv rxu prgho fdq jhqhudwh d odujh h{fkdqjh udwh ryhuvkrrwlqj
zklfk doorzv xv wr txdqwlwdwlyho| hydoxdwh lwv uroh lq wkh h{fkdqjh udwh  xfwxdwlrqv1
61414 Wkh krxvhkrog
Zh prgho wkh suhylrxv dvvxpswlrqv lq wkh iroorzlqj zd| = Dv lq Dqgroidwwr dqg Jrpph
^5333`/ zh frqvlghu wkdw lq wkh fxuuhqw shulrg wkh krxvhkrog fkrrvhv wkh dprxqw ri ghsrvlwv
vkh zdqwv wr sxw lqwr wkh edqn wkh qh{w shulrg1 Wkxv dw wkh hqg ri shulrg |/ wkh krxvhkrog
48fkrrvhv wkh dprxqw S
|n￿ ri prqh| dydlodeoh iru frqvxpswlrq sxufkdvhv +prqh|0fdvk, lq
shulrg | ndqg wkh dprxqw K
|n￿ ri prqh| sxw lqwr wkh edqn +prqh|0ghsrvlw, lq shulrg
| n 1 Ehfdxvh ri dgmxvwphqw frvwv rq prqh|0kroglqjv/ dw shulrg |c zkhq wkh krxvhkrog
fkrrvhv khu dprxqw ri prqh|0fdvk S
|n￿ dqg khu frpsohphqw +wkh dprxqw ri prqh|0ghsrvlw
K
|n￿/ vkh qrz wdnhv lqwr dffrxqw wkh idfw wkdw fkdqjlqj khu prqh| kroglqjv S
|n￿ lv frvwo|=
lw wdnhv wlph wr uhrujdql}h wkh  rz ri ixqgv1





















| htxdwh }hur lq vwhdg| vwdwh1 Fkdqjlqj S
| lv frvwo| +lq whupv ri wlph,
zlwk d pdujlqdo frvw ehlqj dq lqfuhdvlqj ixqfwlrq ri wkh sdudphwhu 1
Ohlvxuh lv ghqhg dv =
u| 'M |l |
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| n￿ dqg wr wkh fkrlfh
ri prqh|0fdvk S
|n￿ qrz ehfrph=

































Htxdwlrq +5<, htxdwhv wkh frvwv wr wkh ehqhwv ri d edqn ghsrvlw1 Sodflqj rqh xqlw ri
prqh| lq wkh edqn lq wkh fxuuhqw shulrg frvwv wkh vkdgrz sulfh b| exw |lhogv wkh h{shfwhg
uhwxuq +n- | n￿ zklfk lqfuhdvhv wkh krxvhkrog*v zhdowk e| b|n￿1
49Htxdwlrq +63, htxdwhv wkh frvwv +wkh ohiw kdqg vlgh, wr wkh ehqhwv +wkh uljkw kdqg vlgh,
uhodwhg wr wkh fkrlfh lq shulrg | ri wkh dprxqw ri prqh| kroglqjv dydlodeoh iru frqvxpswlrq
lq | n 1Z l w k 1'f cl1h1 zlwkrxw dgmxvwphqw frvwv/ htxdwlrq +63, lv vlplodu wr htxdwlrq
+<,1 Zkhq 1 9'f cwkh krxvhkrog frpsduhv wkh frvw ri fkdqjlqj S
|n￿ wrgd| +wlph dydlodeoh
wr zrun lv uhgxfhg, wr wkh dgydqwdjhv vxfk d ghflvlrq zloo jhqhudwh wrpruurz= lq whupv ri
sxufkdvlqj srzhu dqg ri wlph vdyhg1 Lqfuhdvlqj S
|n￿ frvwv vrph iudfwlrq ri wlph wrgd|
+ Yl|
Y￿￿




61415 Wkh up/ wkh edqnv dqg wkh jryhuqphqw
Wkh ehkdylru ri wkh up/ wkh edqn dqg wkdw ri wkh prqhwdu| dxwkrulwlhv lv qrw dhfwhg e|
rxu dvvxpswlrq ri olplwhg sduwlflsdwlrq/ khqfh wkh htxdwlrqv ghulyhg lq wkh vxevhfwlrqv 51515/
51517 dqg 51516 vwloo dsso|1
615 Fdoleudwlrq
Wr vroyh wkh prgho zh surfhhg wkh vdph zd| dv suhvhqwhg lq vhfwlrq 5171 Wkh yduldeoh S
|
lv uhghqhg dv 6S
| ' S
|*|3￿ Zh wkhq ghwhuplqh wkh orqj uxq htxloleulxp ri wkh hfrqrp|1
Iluvw/ uhfdoo wkdw wkh olplwhg sduwlflsdwlrq dvvxpswlrq vwdqgv iru lqirupdwlrqdo dv|pphwulhv
rq wkh fuhglw pdunhw wkdw glvdsshdu lq wkh vwhdg| vwdwh/ jlyhq rxu ghqlwlrq ri wkh orqj uxq
htxloleulxp1 Vhfrqg/ dgmxvwphqw frvwv rq prqh| kroglqjv duh qxoo lq wkh orqj uxq1 Wkhuhiruh
wkh vwhdg| vwdwh ri prgho P5 lv vlplodu wr wkh rqh ri wkh prgho P4 +vhfwlrq 517,1 Zh rqo|
kdyh wr ghqh wkh orqj uxq ydoxh ri wkh +vwdwlrqdu|, prqh| kroglqjv wkurxjk wkh prqh|
pdunhw htxloleulxp htxdwlrq=
6
S ' 6  6
K
Iru wkh frpsdulvrq ehwzhhq erwk prghov wr eh wuxo| frqylqflqj/ wkh fdoleudwlrq ri wkh
vwuxfwxudo sdudphwhuv lv qrw prglhg dv frpsduhg wr wkh rqh glvsod|hg lq vhfwlrq 5171 Zh
rqo| kdyh wr jlyh d ydoxh iru wkh sdudphwhu 1 wkdw vfdohv wkh dgmxvwphqw frvw rq prqh|
kroglqjv1 Wkh odfn ri hvwlpdwhv ri wkh frvw ixqfwlrq sdudphwhu 1 lqgxfhv xv wr dgrsw wkh
iroorzlqj vwudwhj|= zh hydoxdwh wkh lpsolfdwlrqv ri srvlwlyh prqhwdu| vkrfnv rq wkh ehkdylruv
ri wkh lqwhuhvw udwh dqg wkh qrplqdo h{fkdqjh udwh/ iru glhuhqw ydoxhv ri 1/e r w kl qw h u p vr i
lpsxovh uhvsrqvh ixqfwlrq +vhfwlrq 616, dqg lq txdqwlwdwlyh whupv +vhfwlrq 617,1 Lq wkh vdph
vslulw dv Fkulvwldqr dqg Hlfkhqedxp ^4<<5` dqg Nlqj dqg Zdwvrq ^4<<9`/ zh vhhn wr dqdo|}h
wkh frqvhtxhqfhv ri wkh lqwurgxfwlrq ri yhu| vpdoo dgmxvwphqw frvwv rq prqh| kroglqjv= zh
wkxv hydoxdwh wkh fkrvhq ydoxhv ri 1 dv uhjdugv wr wkh fruuhvsrqglqj frvw ri vwhdg| vwdwh
ohlvxuh dqg lq whupv ri plqxwhv shu zhhn1
Dv lq prgho P4/ wkh uhohydqw htxdwlrqv v|vwhp +vhh dsshqgl{ E14, lv wkhq orj0olqhdul}hg
durxqg wkh vwhdg| vwdwh dffruglqj wr wkh Iduphu ^4<<6`*v phwkrgrorj|1 Whfkqlfdo vroylqj lv
ghwdlohg lq dsshqgl{ E151
4:616 Oltxlglw| hhfwv dqg h{fkdqjh udwh ryhuvkrrwlqj
61614 Wkh vlpsoh olplwhg sduwlflsdwlrq prgho +1 'f 
Lq wklv vhfwlrq zh dqdo|}h wkh lpsolfdwlrqv ri wkh vlpsoh olplwhg sduwlflsdwlrq dvvxpswlrq/ e|
vhwwlqj wkh dgmxvwphqw frvwv sdudphwhu htxdo wr }hur1 Iljxuh 5 h{klelwv wkh lpsxovh uhvsrqvh
ixqfwlrqv ri wkh qrplqdo h{fkdqjh udwh dqg wkh lqwhuhvw udwh iroorzlqj d srvlwlyh vkrfn rq wkh
krph prqh| jurzwk udwh1 Wkh prgho glvsod|v d shuvlvwhqw oltxlglw| hhfw iroorzlqj d srvlwlyh
prqhwdu| vkrfn1 Iurp wkdw srlqw ri ylhz/ wkh wudqvlwlrq g|qdplfv lv pruh frqvlvwhqw zlwk
wkh vw|ol}hg idfwv +Nlp dqg Urxelql ^5333`,1
Iljxuh 5= Oltxlglw| hhfw dqg qrplqdo h{fkdqjh udwh ryhuvkrrwlqj +1 'f 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dynamic path      
steady state value
Wkh olplwhg sduwlflsdwlrq prgho zlwk lqyhvwphqw dv d fdvk jrrg 0dqg zlwkrxw dgmxvwphqw
frvwv rq prqh| kroglqjv0 lv deoh wr uhsurgxfh d shuvlvwhqw oltxlglw| hhfw1 Dffruglqj wr
xqfryhuhg lqwhuhvw udwh sdulw|/ dq h{shfwhg idoo ri wkh lqwhuhvw udwh glhuhqwldo lv rvhw e|
dq h{shfwhg dssuhfldwlrq ri wkh h{fkdqjh udwh1 Frqvhtxhqwo|/ iurp wkh vhfrqg shulrg rq/
wkh h{fkdqjh udwh dssuhfldwhv ehiruh uhdfklqj lwv qhz vwhdg| vwdwh = rxu prgho jhqhudwhv d
qrplqdo h{fkdqjh udwh ryhuvkrrwlqj iroorzlqj d h{sdqvlrqdu| prqhwdu| vkrfn1 Wkh vshflf
sdwk ri wkh h{fkdqjh udwh vwhpv iurp wkh shuvlvwhqw ghfuhdvh ri wkh lqwhuhvw udwh1
D shuvlvwhqw exw zhdn oltxlglw| hhfw Zkhq prqh| lv lqmhfwhg lqwr wkh qdqfldo
v|vwhp/ wkh krxvhkrog fdqqrw zlwkgudz khu ghsrvlwv zlwklq wkh shulrg1 Lq uhvsrqvh wr
wklv h{fhvv lq wkh prqh| vxsso|/ wkh qrplqdo lqwhuhvw udwh jrhv grzq1 Wklv lqvwdqwdqhrxv
oltxlglw| hhfw hqwlfhv wkh up wr lqyhvw pruh1 Wkh ulvh lq lqyhvwphqw wrgd| lv doo wkh pruh
lpsruwdqw dv vkh dqwlflsdwhv d uhodwlyh lqfuhdvh lq -|n￿ wkh qrplqdo lqwhuhvw udwh wkh qh{w
shulrg1 Lqghhg/ hyhq li wkh lqwhuhvw udwh uhpdlqv ehorz lwv vwhdg| vwdwh ohyho lq wkh iroorzlqj
shulrgv/ wkh up dqwlflsdwhv wkdw wkh krxvhkrog zloo uhgxfh khu ghsrvlwv/ zklfk lpsolhv d
4;uhodwlyh ghfuhdvh lq wkh prqh| vxsso| dqg d ulvh lq wkh lqwhuhvw udwh ohyho frpsduhg zlwk lwv
ydoxh lq wkh uvw shulrg1
Wkh lpphgldwh oltxlglw| hhfw shuvlvwv ryhu wkh vxevhtxhqw shulrgv iru wzr uhdvrqv =
uvwo| wkh lqwhuhvw udwh ghfuhdvh vwhpv iurp wkh idoo lq wkh ghpdqg iru ordqv1 Lqghhg/ zlwk
wkh lqvwdqwdqhrxv xsvxujh lq lqyhvwphqw/ rqh shulrg diwhu wkh vkrfn/ wkh hfrqrp| lqkhulwv
d odujh fdslwdo vwrfn/ zklfk uhgxfhv lwv pdujlqdo surgxfwlylw|1 Wkh up lv wkhq hqwlfhg wr
fxw lwv lqyhvwphqw1 Dv d uhvxow/ rqh shulrg diwhu wkh prqhwdu| lqmhfwlrq/ wkh ghfuhdvh lq wkh
ghpdqg iru ordqv rxwzhljkv wkh uhgxfwlrq lq edqn ghsrvlw1 Wkh lqwhuhvw udwh uhpdlqv ehorz
lwv vwhdg| vwdwh ohyho/ wkh oltxlglw| hhfw shuvlvwv ryhu wlph1 Krzhyhu/ wkh vhfrqg shulrg rq/
wkh pdjqlwxgh ri wkh oltxlglw| hhfw uhpdlqv zhdn:1
D zhdn h{fkdqjh udwh ryhuvkrrwlqj Wkh lqvwdqwdqhrxv ghfuhdvh lq wkh qrplqdo lqwhuhvw
udwh uhgxfhv wkh uhwxuq rq krph vdylqjv/ zklfk hqwlfhv wkh uhsuhvhqwdwlyh krxvhkrog wr krog
pruh iruhljq dvvhwv1 Wklv ohdgv wr dq lqvwdqwdqhrxv ghsuhfldwlrq zklfk lv ixuwkhu iroorzhg e|
d frqwlqxrxv dssuhfldwlrq1 Lqghhg/ wkh vxevhtxhqw g|qdplfv ri wkh qrplqdo h{fkdqjh udwh lv
ghwhuplqhg e| xqfryhuhg lqwhuhvw udwh sdulw| +57,1 Vlqfh wkh oltxlglw| hhfw lv h{shfwhg wr
eh shuvlvwhqw +.| e -|n￿ 	 f,/ wkh vljqlfdqw dqg shuvlvwhqw qhjdwlyh lqwhuhvw udwh glhuhqwldo
lv frxqwhuedodqfhg e| wkh h{shfwhg dssuhfldwlrq ri wkh h{fkdqjh udwh +.|e e|n￿  e e| 	 f,1
Wkh h{fkdqjh udwh dgmxvwphqw wr lwv qhz vwhdg|0vwdwh lv doo wkh vorzhu dv wkh lqwhuhvw udwh
glhuhqwldo lv shuvlvwhqw1 Prgho P5 lv lqghhg deoh wr dffrxqw iru wkh qrplqdo h{fkdqjh udwh
ryhuvkrrwlqj1 \hw wkh olplwhg pdjqlwxgh ri wkh oltxlglw| hhfw diwhu wkh uvw shulrg wudqvodwhv
lqwr d zhdn h{fkdqjh udwh ryhuvkrrwlqj1
61615 Lqwurgxflqj dgmxvwphqw frvwv rq prqh| kroglqjv
Lq rughu wr dvvhvv wkh lpsolfdwlrqv ri lqwurgxflqj dgmxvwphqw frvwv rq prqh| kroglqjv/ zh
dqdo|}h wkh g|qdplfv lpsolhg e| d srvlwlyh prqhwdu| vkrfn uvwo| zkhq 1 ' f 1Z l w kw k l v




| eh|rqg lwv vwdwlrqdu| ydoxh frvwv 3139( ri wkh
vwhdg| vwdwh ydoxh ri ohlvxuh1 Zh dovr hydoxdwh wkh g|qdplfv lpsolhg e| d prqhwdu| vkrfn iru





vwdwlrqdu| ydoxh frvwv 315( ri wkh vwhdg| vwdwh ydoxh ri ohlvxuh = zh vwloo frqvlghu yhu| vpdoo
dgmxvwphqw frvwv1 Lqghhg/ zkhq zh wudqvodwh lqwr plqxwhv shu zhhn wkh dprxqw ri wlph
orvw lq uhduudqjlqj sruwirolr/ zh rewdlq wkdw wkh krxvhkrog vshqgv durxqg 7 plqxwhv shu
zhhn zkhq vkh lqfuhdvhv khu prqh| kroglqjv 4( eh|rqg wkh vwhdg|0vwdwh ydoxh iru 1 ' f 
Iru 1 ' f clw uhsuhvhqwv durxqg 46 plqxwhv shu zhhn1 Zh edvh wklv fdofxodwlrq rq Mxvwhu
dqg Vwdrug ^4<<4`*v hvwlpdwhv ri zhhno| ohlvxuh wlph1 Wkh lpsxovh uhvsrqvh ixqfwlrqv duh
g l v s o d | h gl q j x u h6 ;1
:Lqghhg/ lq wkh shulrg ri wkh vkrfn wkh qrplqdo lqwhuhvw udwh htxdwhv 519585(/ zkloh lw dprxqwv wr 5196(
lq wkh vwhdg| vwdwh htxloleulxp1 Lw lpsolhv d 3197 edvlv srlqw ghfuhdvh rq lpsdfw1
;Iru ￿ @4 3 >wkh lpphgldwh ghfuhdvh lq wkh qrplqdo lqwhuhvw udwh dprxqwv wr 8 edvlv srlqwv/ zkloh lw
htxdwhv ; edvlv srlqwv iru ￿ @6 3 =
4<Iljxuh 6= Oltxlglw| hhfw/ qrplqdo h{fkdqjh udwh dqg dgmxvwphqw frvwv
















x=10              
x=30              
initial steady state
final steady state  












x=10      
x=30      
steady state
Li wkh lqyhvwphqw g|qdplfv frqwulexwhv wr wkh shuvlvwhqw idoo lq wkh lqwhuhvw udwh/ wkh eh0
kdylru ri wkh vxsso| iru ordqv sod|v d fuxfldo uroh lq h{sodlqlqj wkh pdjqlwxgh ri wkh oltxlglw|
hhfw1 Lq wkh shulrg ri wkh prqhwdu| vkrfn/ wkh krxvhkrog fkrrvhv wkh dprxqw ri prqh|
wkdw vkh zdqwv wr frqvxph wrpruurz +S
|n￿, dqg wkh dprxqw ri prqh| wkdw vkh zloo sxw lqwr
wkh edqn wrpruurz +K
|n￿,1 Diwhu wkh rffxuuhqfh ri wkh prqh| vkrfn/ wkh djhqw dqwlflsdwhv
lq dwlrq = dv lq wkh suhylrxv prgho/ wkh krxvhkrog zdqwv wr suhvhuyh khu frqvxpswlrq lq
wkh ixwxuh e| lqfuhdvlqj wrgd| wkh dprxqw ri qrplqdo prqh| edodqfhv1 Krzhyhu/ lw lv frvwo|




| gudpdwlfdoo|1 Fkdqjlqj S
|n￿ ghsulyhv wkh djhqw ri
wlph dydlodeoh iru ohlvxuh ru oderu1 Dffruglqj wr htxdwlrq +63,/ zlwk odujhu dgmxvwphqw frvwv/
lw lv pruh h{shqvlyh wr prgli| prqh| kroglqjv wrgd| dqg wkh krxvhkrog zloo udwkhu zdlw1
Dv d uhvxow/ lq wkh uvw shulrg/ wkh krxvhkrog udlvhv wkh dprxqw ri prqh|0fdvk S
|n￿ e| d
vpdoo dprxqw1 Wklv lpsolhv wkdw wkh ghfuhdvh lq sulydwh ghsrvlwv lv uhgxfhg lq wkh vhfrqg
shulrg1 Khqfh wkh vhfrqg shulrg rq/ wkh zlwkgudzdo ri prqh|0ghsrvlwv grhv qrw frxqwhudfw
wkh shuvlvwhqw lqfuhdvh lq prqh| vxsso| frplqj iurp wkh prqhwdu| dxwkrulwlhv = Wklv h{huwv
d grzqzdug suhvvxuh rq wkh qrplqdo lqwhuhvw udwh1
Xowlpdwho| wkh lqfuhdvh lq ordq vxsso| dqg wkh ghfuhdvh lq ordq ghpdqg lqgxfh wkh idoo lq
wkh lqwhuhvw udwh = erwk phfkdqlvpv frqwulexwh wr wkh odujh dqg shuvlvwhqw oltxlglw| hhfw dqg
wr hqodujh wkh pdjqlwxgh ri ryhuvkrrwlqj1 Jlyhq xqfryhuhg lqwhuhvw udwh sdulw|/ ryhuvkrrwlqj
uhvxowv iurp wkh uhtxluhphqw wkdw wkh lqwhuhvw udwh glhuhqwldo lv htxdo wr wkh h{shfwhg udwh
ri dssuhfldwlrq1
Lq rughu wr jhqhudwh d vxevwdqwldo ryhuvkrrwlqj/ rxu sdshu dv zhoo dv Gruqexvfk ^4<:9‘*v
53prgho lqwurgxfh uljlglwlhv rq wkh pdunhw zkhuh wkh qrplqdo lqwhuhvw udwh lv ghwhuplqhg1
Gruqexvfk ^4<:9‘ frqvlghuv sulfh vwlfnlqhvv zklfk pdjqlhv wkh qrplqdo lqwhuhvw udwh uhvsrqvh
wr prqhwdu| vkrfnv rq wkh prqh| pdunhw1 Lq rxu vhwwlqj/ wkh uljlglw| olhv lq wkh fuhglw pdunhw
zlwk wkh suhghwhuplqhg edqn ghsrvlw dqg wkh dgmxvwphqw frvwv rq prqh| kroglqjv1 Erwk
prghov duh wkhq deoh wr jhqhudwh d oltxlglw| hhfw dqg d vxevhtxhqw ryhuvkrrwlqj g|qdplfv
iru wkh qrplqdo h{fkdqjh udwh1
Eh|rqg wkh txdolwdwlyh uhvsrqvh ri wkh qrplqdo h{fkdqjh udwh iroorzlqj d prqhwdu| h{0
sdqvlrq/ rxu remhfwlyh lv wr dvvhvv zkhwkhu/ iurp d txdqwlwdwlyh srlqw ri ylhz/ wkh ryhuvkrrw0
lqj skhqrphqrq h{sodlqv wkh qrplqdo h{fkdqjh udwh yrodwlolw|1
617 Ryhuvkrrwlqj dqg yrodwlolw| ri wkh qrplqdo h{fkdqjh udwh
Lq wklv vhfwlrq/ zh phdvxuh zkhwkhu ryhuvkrrwlqj lv uhvsrqvleoh iru wkh kljk yrodwlolw| ri
wkh qrplqdo h{fkdqjh udwh1 Lq rughu wr dvvhvv wkh hpslulfdo uhohydqfh ri ryhuvkrrwlqj/ zh
frpsduh wkh qrplqdo h{fkdqjh udwh yrodwlolw| suhglfwhg e| wkh prgho wkdw idlov wr jhqhudwh
dq| ryhuvkrrwlqj +prgho P4, zlwk wkh rqh wkdw glvsod|v ryhuvkrrwlqj +prgho P5,/ iru wkh
wkuhh fkrvhq ydoxhv iru 1 Wdeoh 7 uhsruwv wkh wkhruhwlfdo uhvxowv iurp erwk prghov1 Wkh
vwdwlvwlfv duh rewdlqhg iurp 833 vlpxodwlrqv ri wkh vhulhv wkdw duh owhuhg dffruglqj wr wkh
Krgulfn dqg Suhvfrww ^4<<:`*v phwkrg1
Wdeoh 7= Wkhruhwlfdo dqg hpslulfdo yrodwlolwlhv
jeEI je*j}
P4 4145 4175
P5 = 1 'f 4154 4185
P5 = 1 ' f 41:; 5157
P5 = 1 ' f 5177 6143
Gdwd ;1:6 43168
Wkh lqwurgxfwlrq ri dgmxvwphqw frvwv vxevwdqwldoo| lpsuryhv wkh suhglfwlrqv ri wkh prgho
frqfhuqlqj wkh yrodwlolw| ri wkh qrplqdo h{fkdqjh udwh1 Lqghhg/ wkh wkhruhwlfdo qrplqdo
h{fkdqjh udwh lv pruh wkdq wkuhh wlphv pruh yrodwloh wkdq prqhwdu| vkrfnv1 Wkh uhvxowv
suhvhqwhg lq wdeoh 7 frqup wkdw ryhuvkrrwlqj vljqlfdqwo| dhfwv wkh qrplqdo h{fkdqjh
udwh yduldelolw|1 Qrplqdo h{fkdqjh udwh  xfwxdwlrqv duh glvfrqqhfwhg iurp wkrvh ri lwv ixq0
gdphqwdov1 Wkh kljkhu 1 wkh pruh olplwhg wkh zlwkgudzdo ri sulydwh ghsrvlwv1 Khqfh/ wkh idoo
lq wkh lqwhuhvw udwh dqg wkh ghsuhfldwlrq ri wkh h{fkdqjh udwh duh odujhu/ zklfk lpsolhv pruh
h{fkdqjh udwh yrodwlolw|1 Qrwh wkdw wkh vlpsoh olplwhg sduwlflsdwlrq prgho +zlwkrxw dgmxvw0
phqw frvwv, lv xqdeoh wr jhqhudwh d sodxvleoh h{fkdqjh udwh yrodwlolw| = wkh uhvxowv kljkoljkw
wkh fuxfldo uroh sod|hg e| wkh dgmxvwphqw frvwv1 \hw/ rqo| vpdoo dgmxvwphqw frvwv rq prqh|
kroglqjv dgghg wr iulfwlrqv lq wkh fuhglw pdunhw yld wkh olplwhg sduwlflsdwlrq dvvxpswlrq
duh qhhghg wr jhqhudwh d sodxvleoh h{fkdqjh udwh yrodwlolw| iroorzlqj d prqhwdu| vkrfn1 Lq
dffrugdqfh zlwk Gruqexvfk ^4<:9‘/ iroorzlqj prqhwdu| lpsxovhv/ ryhuvkrrwlqj sod|v d nh| uroh
lq h{sodlqlqj wkh kljk yrodwlolw| ri wkh qrplqdo h{fkdqjh udwh1
54Hyhq li erwk devroxwh dqg uhodwlyh h{fkdqjh udwh yrodwlolwlhv duh vwloo wrr zhdn frpsduhg
wr wkh vw|ol}hg idfwv/ wkh lqwurgxfwlrq ri wkh dvvxpswlrq ri olplwhg sduwlflsdwlrq lq suhvhqfh
ri dgmxvwphqw frvwv lpsuryhv wkh suhglfwlrqv ri wkh prgho dqg frqwulexwhv wr d ehwwhu xqghu0
vwdqglqj ri wkh qrplqdo h{fkdqjh udwh ehkdylru1 Dv rxu dlp zdv wr h{sodlq rqo| sduwldoo|
wkh qrplqdo h{fkdqjh udwh yrodwlolw| yld wkh ryhuvkrrwlqj g|qdplfv/ zh wklqn wkdw wkh uh0
vxowv suhvhqwhg lq wdeoh 7 frqup wklv lqwxlwlrq1 Dq ryhuvkrrwlqj g|qdplfv lv dvvrfldwhg
zlwk d kljkhu qrplqdo h{fkdqjh udwh yrodwlolw|1 Ixuwkhupruh/ zh frpsxwh wkh uvw0rughu
dxwruhjuhvvlyh frh!flhqw iru wkh qrplqdo h{fkdqjh udwh lq rughu wr hydoxdwh zkhwkhu rxu
prgho fruuhfwo| fdswxuhv wkh kljk shuvlvwhqfh revhuyhg lq wkh gdwd1 Wkh phgldq dxwrfruuh0
odwlrq htxdwhv 31;3 lq wkh lqgxvwuldol}hg frxqwulhv ri rxu vdpsoh1 Lq wkh olplwhg sduwlflsdwlrq
prgho zlwk dgmxvwphqw frvwv rq prqh| kroglqjv/ wkh wkhruhwlfdo dxwrfruuhodwlrq htxdov 3197
<1 Rxu prgho lv deoh wr dffrxqw iru d vxevwdqwldo sduw ri wkh shuvlvwhqfh lq wkh h{fkdqjh udwh
pryhphqwv1 Zh wkxv rewdlq wkh vdph uhvxowv dv Fkdul dqg do1 ^5334` zlwk d pxfk vlpsohu
prgho1
Pruhryhu/ wkh olplwhg sduwlflsdwlrq prgho lq d vpdoo0rshq hfrqrp| frqwh{w lv frqvlv0
whqw zlwk wkh frqglwlrqdo ihdwxuhv ri wkh exvlqhvv f|fohv iroorzlqj d prqhwdu| vkrfn1 Zh
kdyh douhdg| xqghuolqhg wkdw d srvlwlyh prqhwdu| vkrfn jhqhudwhv d ghfuhdvh lq wkh qrp0
lqdo lqwhuhvw udwh/ d qrplqdo h{fkdqjh udwh ghsuhfldwlrq +iroorzhg e| dq dssuhfldwlrq, dqg
dq lqfuhdvh lq wkh sulfh ohyho1 Wkhvh lpsxovh uhvsrqvh ixqfwlrqv duh frqvlvwhqw zlwk wkh
hpslulfdo lpsolfdwlrqv ri prqhwdu| lqqrydwlrqv/ dv lghqwlhg wkurxjk dowhuqdwlyh YDU vshfl0
fdwlrqv e| Fkulvwldqr/ Hlfkhqedxp dqg Hydqv ^4<<:` lq d forvhg0hfrqrp| frqwh{w/ Ndo|ylwlv
dqg Plfkdholghv ^5334`/ Nlp dqg Urxelql ^5333` dqg Vfkodjhqkdxi dqg Zudvh ^4<<8` lq dq
pxowl0frxqwu| vhwwlqj1 Ixuwkhupruh/ Vfkodjhqkdxi dqg Zudvh ^4<<8` dqg Fkulvwldqr dqg
Hlfkhqedxp ^4<<5` lghqwlhg wkh rxwsxw lpsxovh uhvsrqvh ixqfwlrq iroorzlqj prqhwdu| h{0
sdqvlrq iru wkh J: frxqwulhv1 Wkh| vkrz wkdw iru doo frxqwulhv rxwsxw lqlwldoo| ghfuhdvhv iru
vl{ wr qlqh prqwkv/ dqg ixuwkhu lqfuhdvhv1 Wkhuhiruh zh fkhfn zkhwkhu wkh prghov jhqhudwh
rxwsxw lpsxovh uhvsrqvh ixqfwlrqv frqvlvwhqw zlwk wklv qglqj1 Iljxuhv 7 dqg 8 glvsod| wkh
rxwsxw lpsxovh uhvsrqvh ixqfwlrqv iru prghov P4 dqg P51
Iljxuh 7 glvsod|v d qhjdwlyh dqg shuvlvwhqw uhvsrqvh iru grphvwlf rxwsxw zlwk d srvlwlyh
grphvwlf prqhwdu| vkrfn/ zklfk lv frxqwhuidfwxdo1 Ehfdxvh ri wkh fdvk0lq0dgydqfh frq0
vwudlqw/ wkh krxvhkrog uhgxfhv khu frqvxpswlrq ohyho jlyhq fxuuhqw dqg h{shfwhg lq dwlrq/
wr udwkhu uhsruw rq ohlvxuh1 Khqfh oderu vxsso| dqg zrunhg krxuv frqwudfw1 Lq wkh shulrg
ri wkh vkrfn/ zlwk wkh fdslwdo vwrfn suhghwhuplqhg rxwsxw wkxv idoov zlwk hpsor|phqw1 Dv
wkh hhfwv ri wkh prqhwdu| vkrfn glplqlvk/ rxwsxw prqrwrqlfdoo| frphv edfn wr lwv lqlwldo
vwhdg| vwdwh ohyho1
Xqolnh wkh fdvk0lq0dgydqfh prgho/ wkh olplwhg sduwlflsdwlrq prgho fruuhfwo| dffrxqwv iru
rxwsxw g|qdplfv iroorzlqj d prqhwdu| vkrfn/ dv glvsod|hg lq jxuh 8 iru 1 'f c1' fdqg
<Wklv uhvxow lv qrw yhu| vhqvlwlyh wr wkh ydoxh ri ￿=
55Iljxuh 7= Rxwsxw uhvsrqvh lq wkh fdvk0lq0dgydqfh prgho +P4,














1 ' f Lqghhg/ diwhu dq lqlwldo ghfolqh ehorz lwv vwhdg| vwdwh ohyho/ rxwsxw lqfuhdvhv iroorzlqj
d srvlwlyh prqhwdu| lqmhfwlrq1
Iljxuh 8= Rxwsxw uhvsrqvh lq wkh olplwhg sduwlflsdwlrq prgho +P5,














Lq wkh olplwhg sduwlflsdwlrq prgho/ wkh h{sdqvlrqdu| prqhwdu| vkrfn jhqhudwhv d srvl0
wlyh zhdowk hhfw1 Ehfdxvh ri wkh fdvk0lq0dgydqfh frqvwudlqw dqg dgmxvwphqw frvwv rq prqh|
kroglqjv/ wkh krxvhkrog grhv qrw doorfdwh wklv h{fhvv uhyhqxh wr frqvxpswlrq1 Vkh zrxog
udwkhu uhgxfh lwv zrunlqj wlph1 Rq lpsdfw/ oderu vxsso| ghfuhdvhv/ vr grhv hpsor|phqw1
Wkh vwrfn ri sk|vlfdo fdslwdo ehlqj suhghwhuplqhg/ wkh rxwsxw uhvsrqvh plplfv wkh lqvwdq0
wdqhrxv idoo lq oderu vxsso|1 Wkh vhfrqg shulrg rq/ wkh lqyhvwphqw errp udlvhv wkh vwrfn
ri sk|vlfdo fdslwdo dqg rxwsxw lqfuhdvhv eh|rqg lwv lqlwldo vwhdg| vwdwh ydoxh1 Lq wkh vlpsoh
fdvk0lq0dgydqfh prgho/ wkh zhdowk hhfw rq oderu vxsso| jhqhudwhv d shuvlvwhqw ghfuhdvh lq
hpsor|phqw dqg rxwsxw zklfk lv frxqwhuidfwxdo1 Frpsdulqj erwk rxwsxw lpsxovh uhvsrqvh
ixqfwlrqv +jxuhv 7 dqg 8, doorzv xv wr frqfoxgh lq idyru ri wkh olplwhg sduwlflsdwlrq prgho
zklfk lv frqvlvwhqw zlwk hpslulfdo hylghqfh1
56Ilqdoo| zh fkhfn wkdw wkh qrplqdo h{fkdqjh udwh yrodwlolw| lv qrw lqgxfhg e| d vlplodu
lqwhuhvw udwh yrodwlolw| = Lqghhg/ zh fkhfn wkdw wkh prgho jhqhudwhv d yduldelolw| ri wkh
qrplqdo lqwhuhvw udwh frqvlvwhqw zlwk gdwd1 Iru 1 ' f cwkh qrplqdo lqwhuhvw udwh yrodwlolw| dv
suhglfwhg e| wkh prgho htxdwhv 313;(1 Wkh revhuyhg yrodwlolw| ri wkh qrplqdo lqwhuhvw udwh
edvhg rq wkh RHFG KS0owhuhg vhulhv +4<:6=404<<;=7, dprxqwv wr 3173( iru wkh phgldq ri
wkh J: frxqwulhv h{fhsw wkh Xqlwhg Vwdwhv1 Wkh yduldelolw| ri wkh qrplqdo lqwhuhvw udwh dv
suhglfwhg e| wkh prgho lv wkxv wrr orz frpsduhg wr wkh vw|ol}hg idfwv1 Krzhyhu/ wklv uhvxow
vkrzv wkdw wkh prgho jhqhudwhv dq h{fhvv yrodwlolw| ri wkh qrplqdo h{fkdqjh udwh zlwkrxw
dq lpsodxvleoh yrodwlolw| ri wkh qrplqdo lqwhuhvw udwh1 Fuhglw pdunhw iulfwlrqv jhqhudwh d
glvfrqqhfw ehwzhhq h{fkdqjh udwh dqg prqhwdu| ixqgdphqwdov wkdw lv qrw dq duwhidfw1
Wkh olplwhg sduwlflsdwlrq prgho zlwk dgmxvwphqw frvwv rq prqh| kroglqjv lv wkxv deoh wr
plplf wkh hpslulfdo frqvhtxhqfhv ri d srvlwlyh prqhwdu| vkrfn/ qdpho| d shuvlvwhqw oltxlglw|
hhfw dqg dq lqfuhdvh lq rxwsxw1 Lq txdqwlwdwlyh whupv/ wkh lpsolhg yrodwlolw| ri wkh qrplqdo
h{fkdqjh udwh lv glvfrqqhfwhg iurp wkh rqh ri wkh prqhwdu| jurzwk idfwru1 Wkh ryhuvkrrwlqj
g|qdplfv wkxv dffrxqwv iru d vxevwdqwldo sduw ri wkh qrplqdo h{fkdqjh udwh yrodwlolw|1
618 Urexvwqhvv ri wkh uhvxowv
Wklv vhfwlrq ghprqvwudwhv wkh urexvwqhvv ri rxu uhvxowv e| lpsohphqwlqj d vhqvlwlylw| dqdo|vlv
wr wkh nh| dvvxpswlrqv ri wkh prgho1 Dv vkrzq lq wkh olwhudwxuh +Fkulvwldqr ^4<<4`/ Grz
^4<<8`,/ wkh joredo shuirupdqfhv ri olplwhg sduwlflsdwlrq prghov duh olnho| wr ghshqg qdpho|
rq wkh ghjuhh ri shuvlvwhqfh lq wkh prqhwdu| surfhvv/ rq wkh lqwhuwhpsrudo hodvwlflw| ri
vxevwlwxwlrq dqg iurp frvwo| fdslwdo dgmxvwphqw1 Zh wkxv jdxjh zkhwkhu rxu prgho lv urexvw
wr dowhuqdwlyh vshflfdwlrqv uhjdugv wkhvh dvvxpswlrqv1
61814 Shuvlvwhqfh lq wkh prqhwdu| surfhvv
Lq forvhg hfrqrp| vhwwlqj/ Fkulvwldqr ^4<<4` dqg Fkulvwldqr dqg Hlfkhqedxp ^4<<5` xqghuolqh
wkh idfw wkdw wkh oltxlglw| hhfw lv hdvlo| frxqwhuedodqfhg e| wkh Ilvkhu hhfw dv vrrq dv wkh
prqhwdu| vkrfn lv shuvlvwhqw hqrxjk1 Lq rxu iudphzrun/ rxu uhvxowv frxog wkhq eh eldvhg lq
wkh vhqvh wkdw wkh orz shuvlvwhqfh ri wkh prqh| jurzwk vkrfn +4} 'f  b lq wkh fdoleudwlrq,
frxog eh odujho| uhvsrqvleoh iru wkh h{fkdqjh udwh ryhuvkrrwlqj1
Lq rughu wr fkhfn wkh urexvwqhvv ri rxu uhvxowv/ zh frqgxfw d vhqvlwlylw| dqdo|vlv wr wkh
fuxfldo sdudphwhu 4} Wkh jxuh 9 suhvhqwv wkh lpsxovh uhvsrqvh ixqfwlrqv ri wkh qrplqdo
lqwhuhvw udwh dqg wkh qrplqdo h{fkdqjh udwh iru erwk 4} 'f  2dqg 4} 'f  DE vxfk dv lq
Mdsdq
Lw vkrzv wkdw wkh ryhuvkrrwlqj g|qdplfv lv urexvw wr kljkhu prqhwdu| jurzwk dxwrfru0
uhodwlrq1 Wkh vshflf sdwk ri lqyhvwphqw dqg wkh olplwhg sduwlflsdwlrq dvvxpswlrq jlyhq
dgmxvwphqw frvwv rq prqh| kroglqjv lpso| wkdw wkh oltxlglw| hhfw shuvlvwv ryhu wlph/ hyhq
zkhq 4} 'f  D 1
57Iljxuh 9= Vhqvlwlylw| dqdo|vlv wr 4}
















rg=0.5                
rg=0.2                
initial steady state value
final steady state value  

















rg=0.5        
rg=0.2        
steady state level
61815 Lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq
Vhfwlrq 617 pdnhv fohdu wkdw wkh rxwsxw uhvsrqvh fuxfldoo| ghshqgv rq wkh zhdowk hhfw ri wkh
p r q h w d u |v k r f nd q gw k hl p s o l h gu h v s r q v hr iz r u n h gk r x u v 1W k l vg u l y h vx vw rf r q v l g h uw k hu r o h
ri wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq1 Wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq +htxdwlrq
+6,, lpsolhv d uhodwlyh ulvn dyhuvlrq ghjuhh sdudphwhu htxdo wr 4 +l1h1 dq lqwhuwhpsrudo
hodvwlflw| ri vxevwlwxwlrq htxdo wr 4 dv zhoo,1 Wr jhw d ehwwhu lqvljkw rq wkh uroh ri wklv









 ￿ 3 j
j
c f		dqg j:f +64,
j uhsuhvhqwv wkh lqyhuvh ri wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq dqg  wkh uhodwlyh
zhljkw ri ohlvxuh lq wkh deryh suhihuhqfhv1 Diwhu vroylqj wkh olplwhg sduwlflsdwlrq prgho43/
zh ghwhuplqh lwv txdqwlwdwlyh surshuwlhv e| irfxvlqj dwwhqwlrq rq wkh uroh iru j
Dv h{shfwhg/ wkh lpsxovh uhvsrqvh ixqfwlrq dqdo|vlv xqghuolqhv wkdw wklv sdudphwhu dowhuv
wkh uhvsrqvh ri rxwsxw wkurxjk wkh uhvsrqvh ri zrunhg krxuv1 Dv vkrzq e| Fkulvwldqr ^4<<4`/
wkh sdudphwhu j ghwhuplqhv wkh ghjuhh ri vxevwlwxwdelolw| ehwzhhq frqvxpswlrq dqg ohlvxuh1
Iru j: cohlvxuh dqg frqvxpswlrq duh vkrzq wr eh frpsohphqwdu| zkloh iru j	wkh|
duh vxevwlwxwhv441 Dv d uhvxow/ iroorzlqj d srvlwlyh prqhwdu| vkrfn/ wkh lpphgldwh ghfuhdvh
43Dv rqo| wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq kdv fkdqjhg/ wkh prgho pdloqo| exlogv rq wkh vdph vwuxfwxuh
wkdq wkh rqh ghwdlohg lq dsshqgl{1 Orqj uxq htxloleulxp dqg wkh ￿uvw rughu frqglwlrq uhodwlyh wr frqvxpswlrq
dqg ohlvxuh duh prgl￿hg1
44Wklv frphv iurp wkh vljq ri wkh furvv pdujlqdo xwlolw|1 Iru ￿A4 >X 3
OF ? 3 = d ghfuhdvh lq frqvxpswlrq
lqfuhdvhv wkh pdujlqdo xwlolw| ri ohlvxuh dqg ohlvxuh wlph udlvhv1 Iru ￿?4 >X 3
OF A 3=
58lq frqvxpswlrq +Ilvkhu hhfw, kdv rssrvlwh hhfwv rq ohlvxuh ghshqglqj rq j Li j: c
wkh krxvhkrog zrxog udwkhu lqfuhdvh khu ohlvxuh wlph1 Dv d uhvxow/ oderu vxsso| dqg zrunhg
krxuv ghfuhdvh1 Wkhuhiruh/ wkh fdslwdo vwrfn ehlqj suhghwhuplqhg lq wkh shulrg ri wkh vkrfn/
rxwsxw ghfuhdvhv rq lpsdfw1 D qrplqdo vkrfn wkxv lpsolhv d qhjdwlyh uhvsrqvh lq rxwsxw1
Wkh iroorzlqj shulrg wkh lqfuhdvh lq fdslwdo frxqwhudfwv wkh uhgxfwlrq lq hpsor|phqw dqg
rxwsxw lqfuhdvhv1 Iljxuh : glvsod|v wkh rxwsxw lpsxovh uhvsrqvh ixqfwlrqv dffruglqj wr wkh
ydoxhv ri j
Iljxuh := Rxsxw uhvsrqvh dqg ulvn dyhuvlrq


























Zh ixuwkhu ghulyh wkh txdqwlwdwlyh lpsolfdwlrqv ri wkh vhqvlwlylw| dqdo|vlv wr j uhjdugv
qrplqdo h{fkdqjh udwh yrodwlolw|1 Iru wkh fdoleudwlrq glvsod|hg lq wdeohv 4 dqg 5/ jlyhq
1 ' f czh rewdlq wkh devroxwh dqg uhodwlyh qrplqdo h{fkdqjh udwh yrodwlolw| suhvhqwhg lq
wdeoh 81







Dk l j k h ujlqfuhdvhv wkh qrplqdo h{fkdqjh udwh yrodwlolw|1 Wklv uhvxow vwhpv iurp dg0
mxvwphqwv rq wkh fuhglw pdunhw1 Zkhq wkh prqhwdu| vkrfn rffxuv/ wkh ghpdqg iru ordq
lqfuhdvhv = upv lpphgldwho| lqfuhdvh wkhlu lqyhvwphqw wr wdnh dgydqwdjh ri wkh whpsrudu|
idoo lq wkh qrplqdo lqwhuhvw udwh1 Wklv vkliw lq wkh ghpdqg iru ordq whqgv wr gdpshq wkh
frqwhpsrudqhrxv oltxlglw| hhfw1 Krzhyhu/ zkhq wkh krxvhkrog lv pruh zloolqj wr vprrwk
khu frqvxpswlrq dfurvv wlph +j kljk,/ iroorzlqj prqhwdu| lqmhfwlrq/ dv vkduhkroghu ri wkh
59up/ vkh lv uhoxfwdqw wr lqyhvw pruh prqh| lqwr wkh up wr lqfuhdvh lwv lqyhvwphqw/ zklfk
olplwv wkh lqvwdqwdqhrxv vkliw lq wkh ghpdqg iru ordq1 Wkh idoo lq wkh lqwhuhvw udwh/ wkhuhiruh
wkh ryhuvkrrwlqj g|qdplfv/ lv hqodujhg e| d lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq1
Wr frqfoxgh/ wkh lq xhqfh ri wkh uhodwlyh ulvn dyhuvlrq ghjuhh j lv wzrirog1 Wkh pruh wkh
krxvhkrog lv ulvn dgyhuvh/ wkh pruh qrplqdo h{fkdqjh udwh  xfwxdwhv iroorzlqj d prqhwdu|
vkrfn1 Wklv uhvxow whqgv wr lpsuryh wkh uhvxowv ri wkh olplwhg sduwlflsdwlrq prgho1 \hw/
lqfuhdvlqj j ghwhulrudwhv wkh uhvsrqvh lq zrunhg krxuv khqfh wkh uhvsrqvh lq rxwsxw/ zklfk
pdnhv wkh prgho uhvxowv vrphzkdw lqfrqvlvwhqw zlwk wkh hpslulfdo vwxglhv rq wkh hhfwv ri
prqhwdu| vkrfnv1 Wkhuhiruh wkh uroh ri lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq kdv rssrvlwh
hhfwv uhjdugv wkh shuirupdqfh ri wkh prgho1 Wklv uhvxow lv qrw vr vwulnlqj dv suhylrxv vwxglhv
sxw lqwr uholhi wklv zhoo0nqrzq olplw ri wkh olplwhg sduwlflsdwlrq fodvv ri prghov +Grz ^4<<8`/
Fkulvwldqr ^4<<4` dqg Fkulvwldqr dqg Hlfkhqedxp ^4<<5`,1
61816 Voxjjlvk fdslwdo dgmxvwphqw
Xqwlo qrz/ zh kdyh frqvlghuhg wkdw upv duh iuhh wr dgmxvw sk|vlfdo fdslwdo zlwkrxw vxs0
sruwlqj dq| frvw1 Krzhyhu/Grz ^4<<8` dqg Vfkodjhqkdxi dqg Zudvh ^4<<8` lqvlvw rq wkh
uroh ri voxjjlvk fdslwdo dgmxvwphqw lq jhqhudwlqj wkh oltxlglw| hhfw1 Vlploduo|/ lq prgho P5/
wkh idoo lq wkh lqwhuhvw udwh lq uhvsrqvh wr prqhwdu| vkrfnv lv vhqvlwlyh wr wkh pdjqlwxgh ri
dgmxvwphqw frvwv ri fdslwdo1 Lqghhg/ zkhq wkh prqhwdu| vkrfn rffxuv/ upv dqwlflsdwh wkdw
wkh idoo lq wkh qrplqdo lqwhuhvw udwh lv whpsrudu|1 Dv d uhvxow/ wkh| lpphgldwho| lqfuhdvh
wkhlu ghpdqg iru ordqv/ wkxv wkhlu lqyhvwphqw1 Wklv vkliw lq wkh ghpdqg iru ordq whqgv wr
uhgxfh wkh frqwhpsrudqhrxv ghfuhdvh lq wkh lqwhuhvw udwh1 Wkh lqvwdqwdqhrxv vkliw lq wkh
ghpdqg iru ordq lv orzhu lq wkh suhvhqfh ri dgmxvwphqw frvwv rq fdslwdo1 Lq rughu wr fkhfn
wklv lqwxlwlrq/ txdgudwlf dgmxvwphqw frvwv rq fdslwdo
)
2 Eg|n￿  g|
2 duh dgghg wr prgho P5/
lq wkh ehqfkpdun fdvh ri vhsdudeoh suhihuhqfhv +htxdwlrq 6,1
Iljxuh ; glvsod|v wkh lpsxovh uhvsrqvh ixqfwlrq iru lqfuhdvlqj ydoxhv ri ) +iru 1 '
f, Zlwk ) ' ciroorzlqj wkh h{sdqvlrqdu| prqhwdu| srolf|/ wkh qrplqdo lqwhuhvw udwh
lqvwdqwdqhrxvo| idoov e| 66 edvlv srlqwv/ zklfk lv frqvlvwhqw zlwk wkh pdjqlwxgh ri wkh olt0
xlglw| hhfw irxqg e| Grz ^4<<8` dqg Vfkodjhqkdxi dqg Zudvh ^4<<8`1 Lq dgglwlrq/ jxuh
; frqupv wkdw wkh kljkhu wkh dgmxvwphqw frvwv rq fdslwdo/ wkh odujhu wkh lqvwdqwdqhrxv
idoo lq wkh qrplqdo lqwhuhvw udwh iroorzlqj wkh prqhwdu| h{sdqvlrq1 Wdeoh 9 wkhq frqupv
wkdw dgglqj dgmxvwphqw frvwv rq fdslwdo hqodujhv wkh oltxlglw| hhfw/ wkxv wkh h{fkdqjh udwh
uhvsrqvh wr prqhwdu| vkrfnv1






5:Iljxuh ;= Ryhuvkrrwlqj dqg dgmxvwphqw frvwv rq fdslwdo















f=0                    
f=0.5                  
f=1                    
initial steady state value
final steady state value  

















f=0      
f=0.5    
f=1      
steady state
Zh qdoo| fkhfn wkdw dgglqj dgmxvwphqw frvwv rq fdslwdo grhv qrw ghwhulrudwh wkh prgho
uhvxowv dv uhjdugv wr wkh rxwsxw lpsxovh uhvsrqvh ixqfwlrq1
Iljxuh <= Rxwsxw uhvsrqvh dqg dgmxvwhphqw frvwv rq fdslwdo



















Lqghhg/ jxuh < uhyhdov wkdw rxwsxw vwloo h{klelwv wkh kxps vkdsh g|qdplfv iroorzlqj d
srvlwlyh grphvwlf prqhwdu| vkrfn zklfk lv frqvlvwhqw zlwk hpslulfdo qglqjv1
7F r q f o x v l r q
Wkh h{wuhpho| yrodwloh ehkdylru ri wkh qrplqdo h{fkdqjh udwhv vlqfh wkh froodsvh ri wkh
Euhwwrq0Zrrgv v|vwhp lv d zhoo0nqrzq vw|ol}hg idfw wkdw d odujh qxpehu ri wkhruhwlfdo sdshuv
kdv wulhg wr udwlrqdol}h1 Wkh vhplqdo sdshu ri Gruqexvfk ^4<:9‘ kljkoljkwv wkh lq xhqfh ri
prqhwdu| srolf| rq wkh qrplqdo h{fkdqjh udwh  xfwxdwlrqv1 Iroorzlqj d prqhwdu| h{sdqvlrq/
5;qrplqdo h{fkdqjh udwh ryhuvkrrwv dqg wklv ryhuvkrrwlqj pd| h{sodlq wkh odujh yrodwlolw| ri wkh
h{fkdqjh udwh1 Rxu uhvxowv ghprqvwudwh wklv sursrvdo lq d txdqwlwdwlyh jhqhudo htxloleulxp
prgho1
Wklv sdshu sxwv lqwr uholhi wkuhh vdolhqw uhvxowv1 Lq d prgho zlwk d fdvk0lq0dgydqfh frq0
vwudlqw/ dq h{sdqvlrqdu| prqhwdu| srolf| lpsolhv dq lqfuhdvh lq wkh grphvwlf lqwhuhvw udwh
dqg d prqrwrqlf ghsuhfldwlrq ri wkh h{fkdqjh udwh1 Lq d olplwhg sduwlflsdwlrq prgho zkhuh
wkh up kdv wr eruurz wr qdqfh lwv lqyhvwphqw/ d srvlwlyh prqhwdu| vkrfn lv deoh wr jhq0
hudwh d shuvlvwhqw ghfuhdvh lq wkh grphvwlf lqwhuhvw udwh dqg dq ryhuvkrrwlqj ri wkh qrplqdo
h{fkdqjh udwh1 Zlwk vpdoo dgmxvwphqw frvwv rq prqh| kroglqjv/ ryhuvkrrwlqj vxevwdqwldoo|
frqwulexwhv wr wkh qrplqdo h{fkdqjh udwh yrodwlolw|1 Ilqdoo|/ wkh ryhuvkrrwlqj g|qdplfv lv
pdjqlhg lq suhvhqfh ri voxjjlvk fdslwdo dgmxvwphqwv1
Wklv sdshu vkhgv oljkw rq wkh zd| olplwhg sduwlflsdwlrq dhfwv qrplqdo h{fkdqjh udwh
pryhphqwv1 Wkh vwxg| ri uhdo h{fkdqjh udwh g|qdplfv lv ohiw iru ixwxuh uhvhdufk1 Lq dgglwlrq/
rqh vkrxog exlog dq lqwhjudwlqj iudphzrun ihdwxulqj sulflqj0wr0pdunhw/ vwlfn| sulfhv +Fkdul
dqg do1 ^5334`, dqg olplwhg sduwlflsdwlrq1 Vxfk d prgho zrxog doorz wr ghwhuplqh krz erwk
phfkdqlvpv lqwhudfw lq jhqhudwlqj h{fkdqjh udwh  xfwxdwlrqv1 Ixwxuh uhvhdufk iroorzlqj wklv
urxwh pljkw suryh iuxlwixo1
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Dv iruhljq dvvhwv duh h{suhvvhg lq iruhljq fxuuhqf|/ zh kdyh wr wdnh lqwr dffrxqw wkh qrplqdo
h{fkdqjh udwh lq wkh h{suhvvlrq iru K| Wkh pdujlqdo xwlolw| ri zhdowk lv jlyhq e| \| ' |b|
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Wkh vsdfh0vwdwh v|vwhp iru wkh fdvk0lq0dgydqfh prgho frqvlvwv lq
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Wkh uvw0rughu frqglwlrqv uhjdugv wkh krxvhkrog prqhwdu| ghflvlrqv duh prglhg zlwk wkh
olplwhg sduwlflsdwlrq dqg dgmxvwphqw frvwv rq prqh| kroglqjv1
















































Zh uhghqh wklv htxdwlrq lq vwdwlrqdul}lqj wkh qrplqdo yduldeohv dffruglqj wr wkh suhylrxv


































Wkh uhohydqw htxdwlrqv iru vroylqj wkh olplwhg sduwlflsdwlrq prgho frqvwlwxwh wkh iroorzlqj
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